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FOREWORD 


METROPOLITAN  DISTRICT  COMMISSION  (MDC) 


The  Metropolitan  District  Commission's  Division  of  Watershed  Management  (DWM)  was  established 
by  the  Massachusetts  Legislature  in  1984  and  officially  began  operations  on  July  1,  1985.  The 
legislative  mission  of  the  organization  is  to"...construct,  maintain  and  operate  a  system  of  watershed, 
reservoirs,  water  rights  in  sources  of  supply  in  order  to  provide  a  sufficient  supply  of  pure  water  to 
the  Massachusetts  Water  Resources  Authority."  The  Division  must  conserve  and  protect  these 
resources  in  order  to  ensure  the  purity  of  the  drinking  water  supply. 

As  provided  in  the  enabling  legislation,  the  Division  of  Watershed  Management  is  responsible  for 
monitoring  the  streams  and  reservoirs  of  the  system  and  for  conducting  sanitary  surveys  of  the 
watersheds.  The  DWM's  Environmental  Quality  Section  performs  theses  tasks  in  order  to  ensure 
that  Class  A  Water  Quality  Standards  are  met  MDC-DWM  has  responsibility  for  monitoring 
upstream  of  the  distribution  intakes,  considered  to  be  the  Cosgrove  Aqueduct  at  Wachusett 
Reservoir,  the  Winsor  Dam  at  Quabbin  Reservoir,  and  Shaft  4  at  Sudbury  Reservoir.  The 
Massachusetts  Water  Resources  Authority  is  responsible  for  monitoring  the  distribution  system. 


MASSACHUSETTS  DIVISION  OF  WATER  POLLUTION  CONTROL  fDWPQ 
AND  OFFICE  OF  WATERSHED  MANAGEMENT  f OWM^ 

The  Massachusetts  Division  of  Water  Pollution  Control  was  established  by  the  Massachusetts  Clean 
Water  Act,  Chapter  21  of  the  General  Laws  as  amended  by  Chapter  685  of  the  Acts  of  1966. 
Included  in  the  duties  and  responsibilities  of  the  Division  is  the  periodic  examination  of  the  water 
quality  of  various  coastal  waters,  rivers,  streams,  and  ponds  of  the  Commonwealth,  as  stated  in 
Section  27,  Paragraph  5  of  the  Acts.  This  section  further  directs  the  Division  to  publish  the  results 
of  such  examination,  together  with  the  standards  of  water  quality  established  for  the  various  waters. 
The  Office  of  Watershed  Management  (OWM)  in  North  Grafton,  MA  (formerly  part  of  DWPC 
Technical  Services  Section),  has  among  its  responsibilities,  the  execution  of  this  directive.  This  report 
is  published  under  the  authority  of  the  Acts,  and  is  among  a  continuing  series  of  reports  issued  by 
the  DWPC  and  OWM  presenting  water  quality  data  and  analyses,  water  quality  management  plans, 
baseline  and  intensive  limnological  studies  and  special  studies. 


DISCLAIMER 


Reference  to  trade  names,  commercial  products,  manufacturers,  or  distributors  in  this  report 
constitutes  neither  endorsement  nor  recommendation  by  the  Massachusetts  DEP/Division  of  Water 
Pollution  Control  or  DEP/Office  of  Watershed  Management 
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1.0   Introduction 


1.1   MDC/DWM  Goals  and  Objectives 

The  Division  of  Watershed  Management  (DWM)  of  the  Metropolitan  District  Commission  (MDC) 
operates  and  maintains  a  system  of  watersheds  and  reservoirs  that  provide  drinking  water  for 
approximately  2.5  million  people  in  46  communities  throughout  the  Commonwealth  of  Massachusetts. 
The  watershed  system,  depicted  in  Figure  2-1,  includes  in  excess  of  303,000  acres  of  land  and  water 
in  the  Quabbin,  Wachusett  and  Ware  River  watersheds  in  central  Massachusetts.  This  system 
comprises  the  largest  water  supply  in  New  England  and  one  of  the  largest  unfiltered  sources  of  supply 
in  the  United  States. 

Protection  of  these  surface  water  supply  sources  is  the  primary  mission  of  the  DWM.  The  reservoirs 
and  tributaries  within  this  system  are  routinely  sampled  by  the  Environmental  Quality  section  of  the 
DWM.  Analysis  of  water  quality  data  indicates  that  stormwater  contributes  significant  pollutant  loads 
within  some  subwatersheds  within  the  system.  The  objective  of  this  project  is  to  conduct  a 
stormwater  sampling  program  to  characterize  stormwater  and  enable  more  accurate  assessment  of 
stormwater  impacts  on  water  quality  within  the  water  supply  system.  Such  characterization  is  a 
necessary  first  step  toward  the  development  of  a  comprehensive  stormwater  management  strategy  for 
the  improvement  of  water  quality  within  the  watershed  system. 


12  DEP/OWM  Goals  and  Objectives 

The  Massachusetts  Department  of  Environmental  Protection  (DEP)  administers  the  state's 
environmental  regulatory  programs  for  the  protection  of  air,  water,  and  land  resources. 

In  1989,  the  DEP  Division  of  Water  Pollution  Control  (DWPC),  currently  named  the  Office  of 
Watershed  Management-OWM  developed  a  long-term  Nonpoint  Source  Management  Plan  (MA 
DEP,  1989)  which  identified  Wachusett  Reservoir  as  one  of  the  highest  priority  waterbodies  in  the 
state.  As  part  of  this  plan,  DEP/OWM  proposed  to  work  with  MDC  to  develop  watershed 
management  strategies  related  to  nonpoint  source  problems  and  best  management  practices  in  the 
Wachusett  watershed.  The  DEP  agreed  to  provide  water  quality  monitoring  and  assessment  support 
to  the  MDC-DWM's  watershed  protection  efforts.  After  discussing  nonpoint  sources  of  pollution 
in  MDC  watershed  areas  and  outlining  potential  areas  for  joint  studies  that  would  meet  NPS  program 
objectives  and  provide  sampling  and  analysis  support  to  the  MDC,  the  MDC  and  DEP  chose  the 
Gates  Brook  subwatershed  for  a  cooperative  stormwater  sampling  program.  MDC  and  DEP/OWM 
met  as  the  state's  NonPoint  Source  Plan  was  developed  to  discuss  nonpoint  sources  of  pollution  in 
MDC  watershed  areas,  to  outline  potential  areas  in  which  to  develop  joint  studies  which  would  meet 
the  NPS  program  objectives,  and  to  provide  sampling  and  analysis  support  to  the  MDC. 


1.3  Program  Purpose  and  Objectives 

Routine  sampling  and  water  quality  studies  that  have  been  conducted  by  the  MDC-DWM  have 
indicated  that  there  is  a  substantial  pollutant  loading  occurring  in  the  Wachusett  Reservoir  due  to 
stormwater  flow  from  urbanized  areas.  The  MDC  and  the  DEP/OWM  developed  a  pilot  stormwater 
monitoring  program  in  the  Gates  Brook  subwatershed  of  Wachusett  Reservoir  to  quantify  stormwater 
pollutant  loads  to  the  reservoir,  and  to  develop  stormwater  treatment  and  management  criteria.  The 
pollutant  loading  specific  to  the  Gates  Brook  subwatershed  was  to  be  characterized  and  quantified 
so  that  the  loading  rates  associated  with  the  Gates  Brook  subwatershed  can  be  applied  to  other 
subwatersheds  in  the  Wachusett  drainage  basin. 
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2.0   STUDY  AREA  DESCRIPTION 


2.1  Wachusett  Reservoir 

Wachusett  Reservoir  is  located  in  the  South  Branch  of  the  Nashua  River  upstream  of  the  Town  of 
Clinton,  Massachusetts.  The  reservoir  was  constructed  over  the  period  from  1896  to  1908,  when 
over  7.6  square  miles  of  land  was  acquired  and  flooded  to  create  a  reservoir.  Wachusett  Reservoir 
was  the  principal  water  supply  reservoir  for  the  metropolitan  Boston  area  prior  to  construction  of  the 
Quabbin  Reservoir  in  the  1930's.  Only  about  one-third  of  the  water  demand  for  Boston  and  the 
surrounding  communities  is  met  by  runoff  from  the  Wachusett  watershed.  The  additional  two-thirds 
of  the  demand  is  met  by  transfers  to  Wachusett  from  the  Quabbin  system  west  of  Wachusett.  All 
water  which  supplies  metropolitan  Boston  must  pass  through  Wachusett  Reservoir  which  is  currently 
an  unfiltered  supply.  Therefore,  the  water  quality  of  the  entire  water  supply  system  is  impacted  by 
conditions  in  the  Wachusett  drainage  basin.  The  watershed  system  is  shown  in  Figure  2-1 

The  Wachusett  Reservoir  has  a  watershed  of  approximately  117  square  miles,  which  includes  portions 
of  12  communities.  The  reservoir's  surface  area  is  3960  acres  (6.18  square  miles).  The  maximum 
reservoir  depth  is  126  feet  and  the  mean  depth  is  44  feet.  The  maximum  reservoir  elevation  is  395.00 
feet  BCB  (Boston  City  Base).  At  maximum  capacity,  the  volume  of  the  reservoir  is  65  billion  gallons. 
The  average  withdrawal  from  the  system  is  approximately  310  mgd.  A  study  conducted  in  1989 
(CDM,  1989)  estimated  the  average  retention  time  to  be  approximately  0.5  years  for  the  Wachusett 
Reservoir.  The  retention  time,  without  the  Quabbin  diversion,  was  determined  to  be  1.3  years. 

2.2  Gates  Brook  Subwatershed 

Gates  Brook  is  one  of  the  smaller  streams  in  the  Wachusett  drainage  basin.  The  subwatershed  for 
Gates  Brook  is  2028  acres  (3.2  square  miles),  which  is  only  three  percent  of  the  entire  Wachusett 
Reservoir  watershed.  However,  Gates  Brook  is  the  most  urbanized  subwatershed  within  the 
Wachusett  Reservoir  drainage  basin.  Approximately  forty  percent  of  the  drainage  area  is  developed 
for  commercial,  industrial,  and  residential  use.  Much  of  the  developed  area  is  adjacent  to  Gates 
Brook  and  in  the  lower  portion  of  the  subwatershed,  in  close  proximity  to  the  reservoir  (MDC,  1990). 

The  headwaters  of  Gates  Brook  emanate  from  two  distinct  wetland  systems.  The  more  western 
wetland  is  in  the  southeast  portion  of  Holden  and  the  other  wetland  system  is  located  in  the 
southwest  section  of  West  Boylston  (considered  to  be  the  drainage  divide  between  the  Gates  Brook 
subwatershed  and  the  Maiden  Brook  subwatershed).  The  drainage  from  these  two  wetland  systems 
join  to  form  Gates  Brook. 

Approximately  70  percent  of  the  Gates  Brook  subwatershed,  as  shown  in  Figure  2-2,  is  in  West 
Boylston,  25  percent  is  in  Holden,  and  5  percent  is  in  the  City  of  Worcester.  The  Gates  Brook 
subwatershed  makes  up  approximately  one-fifth  of  the  land  area  of  the  town  of  West  Boylston  and 
flows  through  a  highly  urbanized  section  of  the  town.  Runoff  from  several  shopping  plaza  parking 
lots,  a  retail  district,  and  a  residential  area  that  has  the  highest  population  density  of  the  Wachusett 
watershed  discharges  directly  to  Gates  Brook.  Street  sweeping  and  cleaning  of  catch  basins  is 
performed  every  one  or  two  years  by  the  Town  of  West  Boylston.  Many  of  the  catch  basins  in  the 
subwatershed,  of  which  there  are  only  a  small  number,  were  built  without  sumps. 
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Figure  2-2 
WACHUSETT  WATERSHED:  GATES  BROOK  SUBWATERSHED 
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None  of  the  study  area  is  served  by  publicly  owned  wastewater  treatment  systems.  All  wastewater 
disposal  in  the  Gates  Brook  subwatershed  is  provided  by  on-site  systems.  Many  of  these  systems  were 
constructed  prior  to  adoption  of  the  current  state  regulations  for  design  of  subsurface  disposal 
systems,  310  CMR  15.00  (Title  5).  The  soils  in  this  area  are  primarily  described  as  sandy  loams  and 
fine  sandy  loams.  These  soils  are  severely  limited  for  subsurface  sanitary  disposal  because  of  either 
extremely  rapid  permeability  or  very  slow  permeability  with  perched  groundwater  tables  (Taylor  and 
Holtz,  1985).  Many  of  the  existing  systems  are  merely  stone  cesspools  and  on  lots  smaller  than  20,000 
square  feet.  There  are  several  commercial  sites  in  the  area  which  also  utilize  on-site  wastewater 
disposal.  The  overall  septic  system  density  in  the  subwatershed  is  93  systems  per  100  acres  (Tighe 
&  Bond,  1989). 

23  Natural  Features  and  Physical  Characteristics 

Gates  Brook  subwatershed  has  highly  varied  physical  characteristics.  The  headwaters  of  Gates  Brook 
are  located  in  an  area  of  wetlands.  The  brook  is  fed  by  a  number  of  smaller  tributaries,  discharges 
from  detention  basins  and  storm  drains  and  overland  flow.  The  down  gradient  portion  of  the 
subwatershed  is  the  most  densely  developed,  and  includes  the  bulk  of  the  impervious  area  within  the 
subwatershed. 

The  topography  of  the  Gates  Brook  subwatershed  includes  rolling  hills  with  some  steep  slopes,  areas 
of  exposed  bedrock,  and  pockets  of  large  wetlands.  Elevations  range  from  386  feet  at  the  surface 
of  the  reservoir  to  850  feet  on  Drury  Hill  in  Holden.  There  are  some  areas  with  slopes  in  excess  of 
fifteen  percent.  The  natural  vegetative  cover  is  primarily  hardwood  and  mixed  hard/softwood  forest 

Soils 

The  Gates  Brook  subwatershed  is  dominated  by  Hinckley-Merrimac-Windsor  and  Paxton- 
Woodbridge-Canton  soil  associations  (Taylor  and  Holtz,  1985).  Hinckley-Merrimac-Windsor  soils  are 
deep,  somewhat  excessively  drained  and  formed  on  well-sorted  deposits  of  glacial  outwash.  Paxton- 
Woodbridge-Canton  soils  are  deep,  well-drained  to  moderately  well-drained  and  are  formed  on  glacial 
till  in  upland  areas. 

The  predominant  soils  are  Hinkley  sandy  loam,  Merrimac  fine  sandy  loam  and  Paxton  fine  sandy 
loam.  All  of  these  soil  types  are  qualified  as  severely  limited  for  subsurface  sanitary  disposal  (Taylor 
and  Holtz,  1985).  The  permeability  of  the  Hinkley  sandy  loam  and  the  Merrimac  fine  sandy  loam 
is  rapid  in  the  subsoil  and  very  rapid  in  the  substratum.  The  soils  are  a  poor  filter  for  septic  tank 
absorption  fields  due  to  the  poor  filtering  capacity  of  the  substratum. 

The  Paxton  fine  sandy  loam  has  moderate  permeability  in  the  subsoil  and  very  slow  permeability  in 
the  substratum.  The  subsoil  is  formed  from  friable  glacial  till  and  the  substratum  is  very  firm  glacial 
till.  As  a  result,  seasonal  perched  high  water  tables  are  associated  with  this  type  of  soil  at  depths  of 
1-1/2  to  3  feet. 

The  soil  credibility  factor  K  specified  in  the  Universal  Soil  Loss  Equation  (USLE)  indicates  the 
inherent  credibility  due  to  sheet  and  rill  erosion  (Brady,  1990).  The  five  most  common  soil  types  in 
the  Gates  Brook  subwatershed  have  Rvalues  between  0.10  and  0.32,  suggesting  that  erosion  potential 
is  low  to  moderate. 
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Hydrology 

The  annual  precipitation  data  for  the  35-year  period  of  1955  to  1990  ranges  from  31.06  to  64.07 
inches  (MWRA,  1990).  The  average  annual  precipitation  from  1897  to  1990,  measured  at  the  gaging 
station  maintained  by  the  MDC,  was  47  inches.  Fifty  percent,  or  23.5  inches  is  typically  assumed  to 
evaporate  or  transpire  (Brackley  and  Hansen,  1977).  The  remainder,  therefore,  enters  the  reservoir 
as  surface  runoff  or  groundwater.  Precipitation  is  equally  distributed  throughout  the  year. 

Gates  Brook  base  flow  was  measured  as  part  of  an  earlier  watershed-wide  study  to  estimate  the 
nutrient  loads  to  the  reservoir.  The  mean  stream  flow  measured  from  April  1988  through  March 
1989  was  5.65  cfs,  with  a  range  of  0.39  to  21.21  cfs  (CDM,  1989).  However,  these  flow  measurements 
were  all  recorded  during  dry  weather  conditions.  Flow  measurements  taken  during  the  stormwater 
study  described  in  this  report  occasionally  exceeded  154  cfs.  The  annual  yield  of  the  subwatershed 
was  estimated  to  be  1073  million  gallons  (CDM,  1989). 

About  thirty  percent  of  the  underlying  geology  contains  an  unconsolidated  aquifer  capable  of  yielding 
up  to  100  gallons  per  minute  (Brackley  and  Hansen,  1977).  The  remainder  is  typically  till  with 
potential  yields  of  up  to  10  gallons  per  minute. 


2.4  Demographics 

The  general  pattern  of  development  for  the  Gates  Brook  subwatershed  has  been  observed  to  be 
relatively  similar  to  the  development  patterns  throughout  the  Town  of  West  Boylston.  Land  use  data 
for  the  Gates  Brook  subwatershed  were  obtained  from  the  Massachusetts  Executive  Office  of 
Environmental  Affairs  (EOEA)  Geographical  Information  System  (MASSGIS).  The  land  use  data 
were  developed  from  photo-interpretation  of  aerial  photographs  taken  in  1985.  The  available  land 
use  data  can  be  divided  into  as  many  as  107  different  land  use  categories.  For  this  study,  a  retrieval 
was  performed  which  aggregated  land  uses  into  15  groups  as  reported  in  Table  2-1 

Historical  Land  Uses 

In  1985,  the  major  land  use  categories  were  residential  and  forest.  Roughly  equal  amounts  of  land 
were  in  these  two  categories;  37  percent  and  36  percent,  respectively.  The  third  largest  land  use  was 
Commercial/Urban  Transportation,  which  accounted  for  another  12  percent  of  the  land  use.  The 
remainder  was  Open  Space/Recreation  at  8  percent,  and  Agriculture  at  7  percent. 

The  Central  Massachusetts  Regional  Planning  Commission  conducted  a  detailed  land  use  and 
planning  study  for  the  Town  of  West  Boylston  in  1979  (CMRPC,  1979).  The  study  found  that  fifty 
three  (53)  percent  of  West  Boylston  was  in  a  forested  land  use,  nineteen  (19)  percent  was  in 
agricultural  use  or  open  space,  sixteen  (16)  percent  was  in  urban  development,  nine  (9)  percent  was 
in  wetlands,  and  three  (3)  percent  was  as  utility  right  of  ways.  This  study  also  compared  aerial 
photographs  taken  in  1971  to  establish  land  uses  with  land  use  data  from  1951.  The  data  in  the  1979 
study  suggest  that  the  town  converted  less  than  one  percent  of  its  forest  land  use  to  development, 
but  during  the  same  period,  37  percent  of  its  agricultural  and  open  space,  and  8  percent  of  the 
wetland  were  converted  to  developed  areas.  Urban  development  increased  236  percent  during  the 
period  from  1951  through  1971  (MacConnell  and  Niedzwiedz,  1974). 


15 


TABLE  2-1 

Gates  Brook  Subwatershed 
Land  Uses 


CATEGORY  -  LAND  USE 

AREA 

(Acres) 

AREA 

(Percent) 

Cropland 

81.0 

4.0 

Pasture 

50.8 

2.5 

Forest 

726 

36 

Wetland 

17.5 

0.9 

Open  Land 

41.6 

2 

Participation  Recreation 

88.2 

43 

Spectator  Recreation 

16.5 

0.8 

Residential,  Multi-family 

9 

0.4 

Residential,  <  1/4  acre 

296.1 

14.6 

Residential,  1/4  to  1/2  acre 

382.2 

18.9 

Residential,  >  1/2  acre 

80.6 

3.9 

Commercial 

101.6 

5            II 

Urban  Open 

42.5 

2.1           I 

Transportation 

88.3 

43 

Woody  Perennial 

6.1 

0.3 

TOTALS 

2028 

100 
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Changes  in  land  uses  throughout  West  Boylston  from  1971  to  1985  are  displayed  graphically  in 
Figure  2-3  (Fabos  et  al.,  1990).  This  figure  shows  that  there  has  been  additional  loss  of  forest  and 
other  open  space  since  the  CMRPC  report  was  prepared.  The  largest  change  in  land  use  category 
for  this  period  was  in  transportation.  Approximately  225  acres  of  land  were  converted  to 
transportation  use.  The  majority  of  this  land  change  was  associated  with  the  construction  of 
Interstate  Highway  Route  1-190.  The  second  largest  increase  in  land  use  was  in  the  category  of 
residential  use  having  lot  areas  greater  than  twenty-thousand  square  feet. 


FIGURE  2  -  3 


GATES  BROOK  STORMWATER  STUDY 


West  Boylston  Land  Use  Changes  1971  -  1985* 
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Source:   Fabos,  et  al,  1990 


The  changes  in  land  use  from  the  1950's  to  the  present  in  West  Boylston  reflect  those  seen  in  much 
of  the  Commonwealth.  During  this  period,  large  tracts  of  open  space  were  converted  for  residential 
and  urban  use.  Although  the  studies  cited  in  the  previous  paragraphs  do  not  use  consistent  land  use 
categories  nor  are  they  specific  to  the  subwatershed,  it  is  evident  that  significant  changes  in  land  use 
and  development  have  occurred  in  the  Gates  Brook  subwatershed  during  the  past  forty  years. 
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An  important  consideration  when  reviewing  land  use  patterns  and  their  impact  on  water  quality  is 
that  much  of  the  retail/commercial  and  residential  use  is  in  close  proximity  to  Gates  Brook- 
Developed  areas  are  generally  considered  to  have  a  detrimental  effect  on  water  quality,  when 
compared  to  natural  conditions.  Since  the  developed  areas  in  this  subwatershed  are  in  the  area 
nearest  the  reservoir,  it  is  more  likely  that  negative  impacts  to  water  quality  will  be  more  pronounced 
than  if  the  developed  uses  were  spread  throughout  the  subwatershed. 

Zoning 

There  are  four  zoning  classifications  within  the  Gates  Brook  subwatershed:  single-family  residential 
in  West  Boylston  and  Holden,  general  residential,  and  business.  Single-family  residential  zoning 
comprises  most  of  the  area,  with  bands  of  general  residence  zoning  and  business  zoning  for  land  along 
Route  12  and  Route  140. 

The  single-family  residential  zoning  category  within  West  Boylston  allows  agricultural  uses,  single 
family  dwellings,  schools,  libraries,  and  churches.  A  minimum  lot  area  of  40,000  square  feet  with  120 
feet  of  frontage  is  required  by  the  Zoning  By-laws  in  West  Boylston.  Of  the  1662  homes  existing  in 
1986  only  22  percent  met  the  40,000  square  foot  area  requirement  Twenty-six  (26)  percent  were  on 
20,000  to  40,000  square  foot  lots,  and  52  percent  were  on  lots  under  20,000  square  feet  (MDC,  1990). 
The  single-family  residential  zoning  category  in  Holden  allows  single-family  dwellings,  agriculture, 
and  religious  institutions  with  a  minimum  lot  area  of  10,000  sf.,  and  64  feet  of  frontage.  Single 
residential  lots  within  the  Gates  Brook  subwatershed  in  Holden  range  from  10,000  to  20,000  square 
feet  in  area  (MDC  and  MWRA,  1991b). 

General  residential  zoning  allows  the  same  uses  and  requires  the  same  lot  size  and  frontage  as  the 
single  residential  district,  but  also  permits  multi-family  homes,  apartments,  and  hotels/motels.  No 
more  than  twelve  units  per  apartment  complex  are  allowed,  and  multi-family  homes  must  have  at  least 
20,000  square  feet  per  family. 

The  business  district  allows  the  same  uses  as  the  single  residential  district  but  also  allows  retail 
business,  offices,  and  commercial  amusement  facilities.  A  minimum  lot  size  of  one  acre  with  150  feet 
of  frontage  is  required. 

Requirements  in  two  overlay  districts  create  additional  controls  for  use  and  minimum  dimensional 
criteria.  A  Floodplain  Overlay  District  is  based  on  the  Federal  Emergency  Management  Agency 
(FEMA)  Flood  Insurance  Rate  Maps  of  the  one-hundred-year  storm  event  flood  elevations.  The 
requirements  of  this  overlay  prohibit  construction  in  a  floodplain  without  compensatory  volume.  An 
Aquifer  and  Watershed  Protection  District  is  based  on  the  recharge  potential  to  the  town's  wells. 
This  District  prohibits  manufacturing,  storage  and/or  use  of  hazardous  substances  (except  incidental 
to  domestic  use),  trucking  terminals,  storage  or  use  of  ice  control  chemicals  (except  by  the  town), 
dumping  of  snow  not  associated  with  that  accumulated  on  the  lot,  vehicle  sale,  servicing,  repairs,  or 
painting,  commercial  or  industrial  discharges;  underground  storage  tanks;  or  landfills.  Additionally, 
the  minimum  lot  size  of  fifty  thousand  square  feet  and  150  feet  of  frontage  is  required  per  lot,  with 
a  maximum  of  fifteen  percent  of  the  lot  allowed  to  be  made  impermeable. 
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Population 

The  population  of  West  Boylston  increased  144  percent  between  1950  and  1975,  and  peaked  in  1975 
at  6,256.  The  population  decreased  to  6,054  in  1988,  and  from  current  town  clerk  records,  has 
stabilized  at  6,025.  Residential  construction  peaked  in  1986  when  36  single  family  homes  were  built. 

The  population  of  Holden  experienced  a  substantial  increase  (127%)  from  1950  through  1975,  then 
peaked  in  1990  at  14,747  people.  The  most  current  census  reports  indicate  Holden's  population  to 
be  14,628,  with  an  annual  growth  of  nine  percent  over  the  last  fifteen  years 

The  Gates  Brook  subwatershed  as  of  1988  had  1641  homes  with  5071  inhabitants  (Tighe  &  Bond, 
1989).  The  population  density  in  1988  was  estimated  to  be  2.5  persons  per  acre.  This  is  one  of  the 
most  densely  populated  subwatersheds  within  the  MDC  system. 
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3.0   STORMWATER  SAMPLING  PROGRAM 


3.1   Site  Selection 


The  MDC  and  DEP  determined  that  the  initial  stormwater  program  should  focus  on  a  single  tributary 
with  significant  stormwater  impacts.  The  Grates  Brook  subwatershed  was  chosen  as  the  area  for  initial 
stormwater  sampling,  because  of  evidence  of  pollutant  loading  found  in  previous  water  quality 
sampling  and  analysis  conducted  by  MDC  Environmental  Quality  Section  (EQS)  staff.  The  EQS 
sampling  had  documented  Gates  Brook  to  be  one  of  the  most  severely  polluted  streams  in  the 
Wachusett  watershed.  Table  3-1  summarizes  the  range  of  values  which  were  documented  by  EQS 
from  1982  through  1990. 


32   Study  Period 

The  wet  weather  sampling  program  goal  was  to  collect  data  from  two  or  three  representative  storms 
during  each  season,  over  a  one  year  period.  A  one  year  sampling  regime  was  selected  in  order  to 
collect  seasonal  conditions,  to  assess  possibly  significant  seasonal  variations  in  stormwater  pollutant 
loading.  The  equipment  preparation  and  design  started  in  August  of  1990  and  the  actual  sampling 
was  conducted  from  October,  1990  through  October,  1991. 


33   Sampling  Station  Location  and  Installation 

EQS  staff  were  quite  familiar  with  the  stream,  due  to  extensive  sampling  work  which  had  been 
previously  conducted  along  its  entire  length  (MDC,  1990).  Some  additional  reconnaissance  was 
conducted  in  order  to  evaluate  sampling  locations. 

There  are  no  formal  stormwater  drainage  systems  in  the  Gates  Brook  subwatershed,  which  in 
conventional  stormwater  studies  are  sampled  directly  to  obtain  data.  For  this  study,  storm  samples 
were  collected  from  the  receiving  water.  Thus,  the  stormwater  which  was  sampled  represented  the 
storm  runoff  diluted  with  the  base  flow  of  the  receiving  water. 

A  sampling  station  was  selected  at  an  existing  48-inch  diameter  concrete  culvert  under  the  "Gate  25 
access  road"  on  MDC  land  in  West  Boylston.  This  location  is  approximately  100  yards  above  the 
confluence  of  the  brook  with  the  reservoir. 

The  station  also  allowed  good  sampling  access  in  any  weather;  the  road  was  passable  in  a  4-wheel 
drive  truck  during  rain  or  snow  and  the  MDC  plowed  as  far  as  the  station  after  heavy  snow.  The 
sampling  location  was  far  enough  from  the  road  to  minimize  the  possibility  of  vandalism.  A 
weatherproof  sampling  hut  was  built  on  a  concrete  pad  to  protect  and  store  the  flow  meter  and 
automatic  sampling  equipment.  The  sampling  hose  and  flow  meter  cables  were  threaded  through  a 
4-inch  PVC  pipe  bolted  to  the  stone  bridge. 
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TABLE  3-1 

GATES  BROOK  STORMWATER  STUDY 

Water  Quality  Monitoring  Data 
Range  of  Values  Observed  1982  -  1990 

(All  units  in  mg/1  unless  noted) 


Parameter 


Value 


pH  (SU) 

Alkalinity  (as  CaC03) 
Hardness  (as  CaC03) 
Turbity  (NTU) 
Color  (Color  units) 
Conductivity  (^mhos/cm) 


Chloride 


Total  Kjeldahl-Nitrogen 
Ammonia-Nitrogen 
Nitrate  &  Nitrate-Nitrogen 
Total  Phosphorus 
Orthophosphate 


Silica 

Total  Coliform  Bacteria 
(colonies/ 100  ml) 

Fecal  Coliform  Bacteria 
(colonies/ 100  ml) 


6.6  -  7.9 
12-64 
18  -  105 
0.25  -  95 
5-56 
71  -  550 
21  -  207 
0.14-0.5 
0.019-0.11 
0.9  -  2.5 
0.013-0.138 
0.012-0.119 
2.2  -  4.0 
20-4600 

16  -  3900 


(8290valu) 


Automatic  Sampler 

Unmanned  collection  of  water  quality  samples  was  accomplished  by  using  an  ISCO  Model  3700 
automatic  sampler  which  can  collect  uniform  or  non-uniform,  time-based  or  flow-based  samples.  The 
strainer  intake  for  the  ISCO  was  placed  on  the  downstream  side  of  the  culvert.  The  sampling  plan 
called  for  using  a  liquid  level  actuator  to  initiate  the  automatic  sampling  routine.  Stream  stage  was 
variable  under  dry  weather  conditions,  which  routinely  inadvertently  triggered  the  sampler.  The  time 
to  begin  sampling  therefore  had  to  be  set  manually  and  was  set  based  on  storm  predictions  from  the 
NOAA  weather  station  in  Worcester.  This  procedure  was  followed  when  the  criteria  for  antecedent 
dry  days  was  met  as  specified  below. 

Row  Gage 

An  existing  48"  concrete  culvert  was  chosen  as  the  gaging  location,  which  had  a  slope  of  0.018  feet 
per  foot  and  a  length  of  16  feet  The  flow  in  the  culvert  was  calculated  using  Manning's  equation 
based  on  the  water  depth  measured  in  the  culvert.  Continuous  flow  data  were  recorded  on  a  strip 
chart  from  an  ISCO  Model  3220  submerged  probe  liquid  monitoring  device  installed  directly  within 
the  culvert.  The  submerged  probe  converts  the  hydrostatic  pressure  of  water  over  the  probe  to  a 
water  depth. 

Three  storms  were  sampled  before  the  flow  meter  was  installed.  During  the  storms  in  October 
through  December,  the  water  depth  was  measured  and  recorded  by  the  sampling  crew  as  the  water 
quality  samples  were  collected.  For  storm  events  occurring  after  December  4.  flow  data  was  recorded 
by  the  flow  meter  until  the  storm  event  on  March  2.  when  the  flow  meter  probe  was  damaged  by 
debris  transported  in  the  brook.  The  flow  meter  was  inoperative  from  March  through  May  until  the 
replacement  probe  was  installed. 

Rain  Gage 

A  weighing-bucket  rain  gage  was  installed  at  the  Gates  Brook  sampling  site  to  collect  rainfall  data 
for  the  specific  events  sampled.  Due  to  problems  encountered  in  the  field  with  operation  of  the 
weighing  bucket  rain  gage,  not  all  of  the  storms  sampled  had  corresponding  precipitation  data. 
Alternative  rainfall  information  was  therefore  necessary  to  assure  calibration  of  the  modeL  A 
comparison  was  made  between  data  collected  from  the  weighing-bucket  rain  gage  and  an  existing  rain 
gage  operated  by  a  local  volunteer  located  in  the  subwatershed.  These  data  correlated  within 
acceptable  limits. 

Comparison  was  also  made  between  precipitation  data  collected  from  the  existing  rain  gage  and  an 
established  National  Oceanographic  and  Atmospheric  Administration  (NOAA.)  precipitation  gaging 
station  (number  199923),  located  at  Worcester  Airport,  Massachusetts,  approximately  eight  miles  from 
the  sampling  station.  Daily  and  hourly  precipitation  records  were  available  from  this  station  The 
NOAA  data  compared  acceptably  and  was  the  most  detailed  and  reliable  information  available  for 
the  study.  A  comparison  of  the  rainfall  data  is  depicted  in  Table  3-2 
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TABLE  3  -  2 

GATES  BROOK  STORMWATER  STUDY 

Comparison  of  NOAA  Records  and  Gates  Brook  Rain  Gage  Data  finches) 

(Sampled  storms  are  shaded) 


- 

MDC  Holden 

Storm  Date 

NOAA  Record 

Gates  Brook  Record 

Record 

02/14/91 

0.83 

1.10 

0.34 

02/19/91 

0.26 

0.30 

0.39 

03/18/91 

0.29 

0.27* 

0.34 

03/21/91 

0.02 

0.05 

0.03 

03/22/91 

0.46 

0.50 

0.41 

03/23/91 

0.58 

0.45 

0.45 

03/24/91 

0.27 

0.20 

0.19 

03/25/91 

T 

0.00 

0.02 

03/27/91 

0.06 

0.04 

0.06 

03/29/91 

0.10 

0.15 

0.05 

03/30/91 

0.10 

0.15 

0.08 

04/30/91 

lllr^™-":-"! 

1.50 

1.75 

05/06/91 

1.84 

1.65 

1.65 

05/10/91 

0.10 

T 

0.01 

05/14/91 

0.13 

0.05 

0.05 

05/17/91 

0.44 

0.70 

0.55 

05/18/91 

0.07 

0.04 

NR 

05/27/91 

0.33 

0.78 

1.00 

05/30/91 

0.68 

0.35 

0.36  . 

li: 

0.31 

0.30 

03S  .M;^^ 

06/03/91 

0.01 

0.05 

0.11 

06/04/91 

0.07 

0.03 

0.15 

06/08/91 

0.07 

T 
0.25 

0.03 

06/11/91 

0.06 

mmmomwmmm' 

06/12/91 
06/15/91 

0.48 
0.40 

0.32 

0.38 

"•"0.55""" 

06/16/91 

0.82 

1.00 

0.53 

06/17/91 

T 

0.00 

0.02 

06/19/91 

0.55 

0.15 

0.18    II11I1 

06/22/91 

0.02 

TEST 

""'0.03':'":' 

06/29/91 

0.00 

0.00 

0.36 

06/30/91 

0.51 

0.72 

0.32 

07/02/91 

0.00 

0.00 

0.10 

07/03/91 

0.02 

0.02 

0.02 

07/05/91 

0.05 

0.05 

0.06 

07/06/91 

T 

0.00 

0.77 

TABLE  3  -  2  (cont) 
GATES  BROOK  STORMWATER  STUDY 

Comparison  of  NOAA  Records  and  Gates  Brook  Rain  Gage  Data  (inches) 

(Sampled  storms  are  shaded) 


MDC  Holden 

Storm  Date 

NOAA  Record 

Gates  Brook  Record 

Record 

07/07/91 

0.06 

0.55 

0.02 

07/13/91 

0.41 

0.47 

0.46 

07/23/91 

0.19 

0.30 

0.21 

'''''07/25/91''''' 

"cuff" 

""""ail""'" 

""""6:48""" 

07/26/91 

1.75 

1.10 

1.45 

07/27/91 

0.13 

0.15 

0.01 

08/03/91 

0.09 

0.05 

0.14 

08/04/91 

0.14 

0.02 

0.19 

08/09/91 

0.68 

0.70 

1.45 

08/10/91 

0.71 

0.72 

0.02 

08/15/91 

0.30 

0.40 

0.41 

08/18/91 

T 

0.67 

1.10 

08/19/91 

5.00 

4.40 

4.51  •;••••• 

,,,g|— 1|,:, 

,,™,„ 

'"""""""""0.18"'"" 

""""6:51"""" 

08/21/91 

0.57 

0.45 

0.02 

08/30/91 

0.00 

0.00 

0.02 

08/31/91 

0.12 

0.28 

0.21 

09/01/91 

0.00 

0.28 

09/05/91 

0.90 

0.65 

*  Storm  continued  past  midnight  of  first  day. 
NR  -  No  record 
T  -Trace 


(nuncom2) 


3.4  Stormwater  Sample  Collection  and  Analysis 

Collection  of  water  quality  samples  and  flow  data  during  a  storm  event  required  advance  preparation 
to  have  all  necessary  equipment  available,  and  notification  of  the  laboratory  that  samples  would  be 
delivered  for  water  quality  analysis.  Field  staff  had  to  be  notified,  as  well,  to  be  available  for 
sampling.  The  project  team  followed  weather  predictions  throughout  the  project,  and  would  make 
the  decision  to  try  to  sample  a  predicted  event. 

The  time  between  storm  events  is  the  period  when  pollutants  accumulate  on  impervious  surfaces  and 
on  the  soil.  As  the  storm  runoff  moves  over  the  surface  and  infiltrates  through  the  soil,  the 
accumulated  dry  weather  solids  are  carried  into  the  brook.  A  review  of  the  rainfall  data  at  the 
Worcester  NOAA  station  for  the  year  1990  showed  that  the  number  of  "dry"  days  between  storms 
(days  with  less  than  .01  inches  of  precipitation)  was  as  great  as  13  days.  The  average  number  of 
consecutive  dry  days  was  3.7  days,  while  68  percent  of  the  time  precipitation  was  recorded  every  2 
or  3  days.  A  criterion  of  three  antecedent  dry  days  for  sample  collection  was  selected.  An 
antecedent  dry  day  for  this  study  was  defined  as  a  day  with  less  than  0.05  inches  of  precipitation. 
Table  3-3  summarizes  the  precipitation  data  and  antecedent  dry  days  for  the  storms  sampled. 

Exceptions  were  made  to  the  antecedent  dry  day  standard  when  there  had  been  very  light  rainfall 
with  little  runoff  a  few  days  before  a  predicted  rainfall  event.  Specifically,  samples  were  taken  for 
the  following  when  the  criterion  was  not  met:  two  days  before  the  May  30  and  June  11  storms  it 
rained  0.07  inches;  the  June  12  storm  had  less  than  0.1  inches  of  rain  per  day  for  10  days  prior  to 
sampling  the  0.48  inch  storm  event;  a  steady  drizzle  (0.17  inches)  during  December  16  was  excepted 
from  the  criteria  for  the  December  18  storm;  the  September  25  storm  had  a  total  of  0.15  inches  of 
rain  during  the  preceding  four  days.  Of  the  exceptions  to  the  antecedent  dry  day  criterion,  only  the 
May  30  and  June  11  events  were  used  for  modelling. 

Pollutant  concentrations  vary  greatly  in  stormwater  runoff.  The  concentrations  are  affected  by  a 
variety  of  parameters,  including  antecedent  weather  conditions,  rainfall  intensity,  and  time  of 
concentration  of  the  watershed.  In  order  to  accurately  characterize  the  stormwater  quality,  a  series 
of  discrete  samples  are  collected,  at  appropriate  time  intervals  over  the  entire  storm  event.  Typically, 
the  number  of  discrete  samples  which  can  be  collected  is  controlled  by  the  sampling  equipment. 

Sampling  protocol  was  initially  set  up  to  obtain  first  flush  characteristics.  The  protocol  called  for 
collection  of  discrete  samples  every  ten  minutes  for  the  first  thirty  minutes,  every  fifteen  minutes  for 
the  next  ninety  minutes,  every  thirty  minutes  for  the  next  two  hours,  and  then  hourly  until  all 
available  bottles  were  filled.  Two  one-liter  bottles  were  filled  per  sample  to  obtain  adequate  sample 
volume  for  all  analytes.  The  sampler  was  automatically  triggered  using  the  ISCO  Model  1640  liquid 
level  actuator.  The  device  was  set  to  begin  sampling  automatically  at  a  specified  water  elevation. 

The  sampling  program  was  modified  in  April,  1991.  The  reason  for  the  change  was  the  initial 
protocol  only  collected  data  from  the  first  three  hours  of  an  event  due  to  the  limited  number  of 
sample  bottles  (24).  Review  of  sampled  storm  events  prior  to  mid-February  suggested  that  the  event 
durations  ranged  from  thirty  to  forty  hours.  The  revised  protocol  called  for  collection  of  300  ml 
samples  collected  at  twenty  minute  intervals  over  a  two  hour  period  into  two  liter  samples.  The  new 
protocol  enabled  the  collection  of  twenty-four  hours  of  data  (twelve  samples  of  two  bottles  per 
sample). 
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The  protocol  was  again  revised  in  June  of  1991  to  collect  one  hour  composite  samples  consisting  of 
four  500  ml  samples  taken  at  fifteen  minute  intervals.  This  change  was  made  to  provide  more 
definition  to  the  variation  during  the  storm  event.  An  additional  ISCO  3700  sampler,  obtained  from 
the  DEP  containing  24  bottles,  was  installed  in  series  to  allow  for  twenty-four  hours  of  automatic 
sampling. 

TABLE3-3 

GATES  BROOK  STORMWATER  STUDY 

Antecedent  Dry  Period  Assessment 


Date 

Precipitation  (in)1 

Antecedent 
Dry  Days 

Met  Dry  Criteria 
for  Model 

08/23/902 

0 

3 

Y 

10/15/902 

0 

1 

Y 

10/23/90 

1.62 

3 

Y 

12/04/90 

2.12 

4 

Y 

12/18/90 

0.32 

1 

N 

01/16/91 

0.57 

3 

Y 

02/04/913 

0 

3 

Y 

02/07/91 

0.71 

6 

Y 

04/30/91 

1.69 

7 

Y 

05/21/912 

0 

3 

Y 

05/30/91 

0.68 

2 

Y 

05/3 1/914 

0.31 

M 

- 

06/05/91 

0.07 

o5 

N 

06/11/91 

0.06 

2 

Y 

06/12/91 

0.48 

0* 

N 

06/19/91 

0.55 

2 

Y 

06/25/912 

0 

3 

Y 

07/23/91 

0.19 

9 

Y 

08/19/91 

5.00 

3 

Y 

09/19/91 

0.43 

3 

Y 

09/25/91 

3.06 

1 

Y 

10/15/91 

0.23 

3 

Y 

'Measured  at  NOAA  gage,  Worcester,  MA 

'Dry  weather  sample 

'Snow  melt  during  dry  weather 

'Continuation  of  5/30/91  storm 

^During  third  day  of  light  continuous  rain 

'Previous  day's  rain  was  light 


(ftnnppt) 


.^J>. 


;  *  .3 


3.4.1  Water  Quality  Parameters 

The  saaaping  program  at  Gates  Brook  was  intended  to  determine  the  levels  of  nutrients  and  bacteria 
winch  may  came  water  quality  excursions  outside  the  surface  water  quality  standards,  drinking  water 

Ete  and  odor  problems.  Samples  were  analyzed  for  total  phosphorus,  total 
■ogen.  ammonia-nitrogen,  turbidity,  total  and  suspended  solids,  total 
wlatlc  solids,  pH.  conductivity,  alkalinity,  hardness,  chlorides,  and  fecal  coliform  bacteria.  Samples 
from  the  first  11  storms  were  also  analysed  for  12  metals:  iron,  manganese,  calcium,  aluminum. 
copper,  zinc,  lead,  cmxHmum.  cadmium.  nickeL  arsenic,  and  mercury.  These  parameters  were  chosen 
ris-ec  zz  i  z-zzzzirszz  ~-.:z  NOC  zi:i  :cllec:ec  zzr~.z  rc-_::r.e  z:i::  —  ;  i\  ::„s  s:i:.:z  r:e---.:  _: 
by  Ttghe  &  Bond  (1989)  and  CDM  (1989).  and  their  accepted  use  in  similar  regional  and 
studies 


3.4.2    Sampling  and  Laboratory  Procedures 


Water  quality  *J"|,L  r  were  collected  in  accordance  with  all  approved  protocols  and  within 
^ppnp  L»u»  imlffing  tim«  Sampling  procedures  are  detailed  in  DWPGTSS  Basin  Program  Standard 
Operating  Procedures  for  River  and  Stream  Monitoring  (D\STC,  19S9)  and  summarized  in  Appendix 
A 


quality  analyses  were  conducted  according  to  approved  U.  S.  Environmental  Protection  Agency 

-.L:?;:-_se:-_5  TE?  zz>z:i:z-  zr.z:z:-zs  MDEF.:c'S'9r  .  Wz'.e:  cuzlir.-  2r.;=:yses  :z:  :r.:ee  storms 
conducted  by  laboratories  under  contract  with  the  MDG  Samples  collected  on  June  12,  1991 
on  June  19.  1991  were  analyzed  by  Lycott  Laboratory  in  Southbridge.  Massachusetts.  Samples 
on  September  25.  1992  were  analyzed  by  Revet  Laboratory,  in  Worcester,  Massachusetts. 
AM  other  water  quality  analyses  were  performed  at  the  DEP  Lawrence  Experiment  Station  (LES). 
m  Lawrence,  MA.  The  methods  of  analysis  used  by  LES  and  the  corresponding  limit  of  detection 
for  each  anahte  are  reported  in  Appendix  A  The  water  quality  data,  on  spreadsheets  (Borland 
1989)  is  in  Appendix  R 


ziy.t-r. i.  si-pies  v. ere  ::..e::e;  _5:~z  s:er.!e  :ech."icues.  Tr.  eres'rre.  rs-.:;rv.  s;  ~r.es  ::_.e  ?.::  re 
coMmed  with  an  automatic  sampler,  and  required  manual  collection.  Because  of  this  limitation,  the 
set  of  bacteria  data  is  limited  with  respect  to  the  other  parameters.  Bacteria  analyses  were  conducted 
at  the  MDC  water  quality  laboratory  in  Qinton. 


3S    Stormwater  Sampling  Results 


of  the  stormwater  sampling  plan  was  to  collect  both  water  quality  and  flow  data  from 
storm  events.  Twenty-six  events  were  sampled  as  part  of  this  program.  For  some  of  the  storms,  both 
sets  of  data  were  not  collected  because  of  certain  sampling  Limitations.  Table  3-4  summarizes  data 
coflected  for  each  storm  event,  and  ranges  of  values  documented  for  the  water  quality  parameters  as 
well  as  the  concentrations  of  selected  metals  in  the  samples. 

quality  data  were  collected  before  the  flow  meter  was  installed.    Water  quality  data  were 

for  three  storms  prior  to  installation  of  the  flow  meter  in  December.  Readings  of  the  gage 

recorded  by  staff  when  the  water  quality  samples  were  collected  from  October  through 
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December.  For  storm  events  occurring  after  December  fourth,  flow  data  were  recorded  by  the  flow 
meter  until  the  storm  event  on  March  2,  when  the  flow  meter  probe  was  damaged  by  debris 
transported  in  the  brook.  The  flow  meter  was  inoperative  from  March  through  May  until  the 
replacement  probe  was  installed. 

3.6  Water  Quality  Data 

The  data  collected  in  this  program  provide  an  extensive  stormwater  water  quality  data  base  for  Gates 
Brook.  This  section  provides  a  brief  qualitative  discussion  of  the  results  of  water  quality  testing.  The 
discussions  have  been  drawn  from  Standard  Methods  (APHA,  1985),  Quality  Criteria  for  Water 
(USEPA,.  1986),  Water  Chemistry  (Snoeyink  and  Jenkins,  1980),  Drinking  Water  and  Health 
(National  Research  Council,  1977)  and  Controlling  Urban  Runoff  (Schueler,  1987). 

The  results  of  the  stormwater  sampling  are  compared  with  the  USEPA  water  quality  criteria  and 
drinking  water  standards.  The  Water  Quality  Criteria  were  established  under  the  authority  of  Section 
304(a)  of  the  Federal  Clean  Water  Act  to  protect  aquatic  life  and  reflect  human  health  concerns. 
Limits  are  referenced  from  the  Mass.  Surface  Water  Quality  Standards,  314  CMR  4(MADEP,  1990). 

Although  the  stormwater  samples  do  not  represent  finished  drinking  water,  they  are  a  source  of 
contaminants  to  the  supply.  The  drinking  water  standards  are  promulgated  by  the  USEPA  under  the 
authority  of  the  Safe  Drinking  Water  Act.  The  Division  of  Water  Supply  in  DEP,  as  primacy  agent 
under  the  Act,  regulates  drinking  water  quality  through  its  regulations  in  310  CMR  22.  The 
regulations  set  standards  and  water  quality  monitoring  requirements  in  accordance  with  the  national 
Interim  Primary  Drinking  Water  Regulations.  Under  these  regulations,  compliance  monitoring 
(except  for  turbidity)  is  to  be  performed  on  water  samples  which  are  representative  of  that  supplied 
to  the  consumer,  which  requires  that  analyses  be  conducted  on  finished  water  samples. 

The  USEPA  primary  standard  for  drinking  water,  the  Maximum  Contaminant  Level  (MCL)  is  the 
highest  allowable  amount  of  a  contaminant  in  drinking  water  supplied  by  municipal  systems.  MCLs 
are  developed  for  proven  and  probable  carcinogens  and  other  toxic  compounds.  MCLs  are  set  for 
particular  contaminants  when  they  occur  in  drinking  water  supplies;  or  they  are  expected  to  threaten 
public  health;  and  they  can  be  detected  in  drinking  water  by  current  laboratory  methods  (Stewart  et 
al,  1989).  Primary  MCLs  are  enforceable,  health-based  standards  for  inorganic  contaminants,  volatile 
organic  contaminants,  bacteria,  turbidity,  and  radiological  contaminants. 

Secondary  Maximum  Contaminant  Levels  (SMCL)  are  non-enforceable  taste,  odor  and  appearance 
guidelines.   Chloride,  iron,  manganese,  pH,  total  dissolved  solids  (TDS),  and  zinc  have  SMCLs. 

Minerals 

The  carbonate  and  pH  system  are  important  factors  in  the  chemical  and  biological  systems  of  natural 
waters.  Photosynthesis  and  respiration,  buffering  capacity,  solubility  of  metal  compounds,  and  toxicity 
are  affected  by  the  degree  of  disassociation  of  weak  acids  and  bases  indicated  by  pH. 

The  federal  secondary  drinking  water  standard  for  pH.  is  from  6.5  to  8.5.  The  pH  of  water  supplies 
affects  pipe  corrosion  and  leaching  of  metals  into  the  water  supply,  and  treatment  processes  of 
coagulation,  filtration,  and  chlorination.  The  USEPA "  Gold  Book"  aquatic  life  criteria  for  fish  is  pH 
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6.5  to  9.0,  although  the  toxicity  of  other  substances  may  change  in  that  range  (USEPA,  1986b).  The 
pH  during  storm  events  was  6.1  to  7.7. 

Alkalinity  is  a  measure  of  the  capacity  of  water  to  neutralize  strong  acid.  This  buffering  capacity 
is  important  because  pH  has  a  direct  effect  on  aquatic  organisms  and  indirect  effect  on  the  toxicity 
of  other  compounds.  Alkalinity  buffers  that  pH  changes  occurs  naturally  as  the  result  of 
photosynthesis  and  protects  Gsh  and  other  aquatic  life  from  fluctuating  pH.  Carbonate  and 
bicarbonate  species  will  also  complex  heavy  metals  and  reduce  their  toxicity  by  lowering  the 
concentration  of  the  free  metal  ion. 

The  alkalinity  of  water  supplies  affects  coagulation  treatment  processes  and  corrosion  control.  The 
buffering  capacity  of  the  water  neutralizes  the  excess  acid  produced  when  aluminum  sulfate  or  other 
coagulants  are  added. 

When  alkalinity  is  attributed  to  naturally  occurring  materials  such  as  bicarbonate  and  carbonate,  levels 
up  to  400  mg/1  are  not  considered  to  be  a  human  health  problem  (NAS,  1974).  20  mg/1  is  the 
freshwater  aquatic  life  criterion  (USEPA,  1986b).  The  alkalinity  at  Gates  Brook  during  routine 
sampling  ranged  from  12  to  64  mg/1,  while  the  study's  samples  ranged  from  14  to  49  mg/1. 

Hardness  is  the  sum  of  polyvalent  cations  present  in  water.  Hardness  is  reported  as  the  equivalent 
amount  calcium  carbonate  (CaCOj).  The  most  common  ions  are  calcium  and  magnesium,  but  iron, 
strontium,  and  manganese  can  also  contribute.  Since  rainwater  is  naturally  acid,  percolation  through 
limestone  rock  is  a  natural  source  of  hardness. 

Water  hardness  also  affects  the  toxicity  of  metal  heavy  metal  ions  on  fish  and  other  aquatic  organisms. 
The  reduction  in  toxicity  may  be  caused  by  the  ions  causing  hardness  rather  than  hardness  (USEPA, 
1986b).  The  metal  ions  form  complexes  with  carbonate  and  bicarbonate  ions  and  are  less  toxic. 

Cardiovascular  diseases  (heart  disease,  hypertension,  and  stroke)  and  other  chronic  diseases  are 
associated  with  softwater  (NRC,  1977).  This  may  be  due  to  the  protective  action  of  the  elements 
found  in  hard  water  and  the  harmful  effects  of  the  metals  in  soft  water. 

There  are  no  distinct  boundaries  between  hard  and  soft  water,  although  water  below  75  mg/1  is 
considered  soft  and  75  to  150  mg/1  is  moderately  hard.  Surface  waters  in  the  Northeast  typically  have 
low  levels  of  hardness.  During  the  sampled  storm  events,  the  range  was  2  to  95  mg/1,  and  during 
routine  monitoring  the  range  was  18  to  105  mg/1. 

Specific  conductivity  measurements  provide  an  estimate  of  the  amount  of  dissolved  solids  in  solution. 
Conductivity  often  parallels  chloride  concentration  and  also  give  an  indication  of  the  overall  water 
quality.  Salting  roads  for  ice  control  often  results  in  high  conductivity  measurements.  Drinking  water 
conductivity  levels  range  from  50  to  1500  /mhos/cm  (AWWA,  1982).  Conductivity  at  Gates  Brook 
ranged  from  53  to  1950  /mhos/cm.  The  highest  level  was  recorded  on  January  16,  reflecting  road 
salting,  and  the  lowest  was  during  the  hurricane,  which  may  be  a  result  of  dilution. 

Chlorides  are  introduced  into  streams  after  they  are  used  for  snow  and  ice  removal.  Because  it  is 
extremely  soluble,  almost  all  chloride  applied  for  snow  removal  becomes  dissolved  in  surface  or 
ground  waters  (Pitt,  1985).  Other  sources  are  atmospheric  deposition  and  geologic  formations.  At 
high  levels,  chlorides  are  toxic  to  many  freshwater  organisms. 
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Chloride  is  one  of  the  most  prevalent  inorganic  ions  in  water.  The  concentration  that  causes  a  salty 
taste  depends  in  part  on  the  associated  cation.  If  the  cation  is  sodium,  the  water  will  taste  salty  at 
250  mg/1  (APHA,  1985).  But  if  the  cation  is  calcium  or  magnesium,  the  water  may  not  taste  salty  at 
1000  mg/1.  Persons  with  restricted  salt  diets  should  not  drink  high  chloride  waters,  since  chloride 
would  be  combined  with  sodium.  The  federal  secondary  drinking  water  standard  is  250  mg/1  to 
protect  these  interests. 

The  range  of  chloride  concentrations  for  the  sampled  storm  events  was  18  to  530  mg/1.  The  highest 
level  was  recorded  during  the  January  16  storm  after  the  road  had  been  salted  following  a  snow 
storm.  The  highest  level  during  routine  sampling  was  207  mg/1. 

Solids 

Stormwater  runoff  brings  high  concentrations  of  sediment  into  Gates  Brook  which  increases  the 
turbidity  and  reduces  light  penetration.  Sediment  particles  carried  along  during  storm  events  settle 
out  when  they  reach  a  low  velocity  area  or  the  storm  flows  abate.  There  they  become  a  sink  for 
organic  matter,  phosphorus,  metals  and  other  toxic  pollutants  adsorbed  on  the  surface  of  the  particles. 
Sediment  oxygen  demand  (SOD)  can  reduce  dissolved  oxygen  levels  in  overlying  water.  This 
sediment  slowly  moves  through  the  stream  as  bedload,  and  covers  the  channel  substrate  with  shifting 
deposits  of  mud  and  coarse  sand.  The  sediment  can  clog  the  gills  and  filters  of  fish  and  aquatic 
organisms;  destroy  benthic  habitat  including  spawning  and  nesting  areas;  and  smother  benthic 
organisms. 

Uncontrolled  construction  sites  have  been  shown  to  contribute  approximately  40  tons/acre/year  of 
sediment.  Agricultural  and  stabilized  urban  land  sediment  loads,  in  contrast,  are  one  and  two  orders 
of  magnitude  lower,  respectively  (Schueler,  1987). 

Higher  concentrations  of  suspended  solids  increase  the  scouring  associated  with  stream  flow  and 
accelerate  the  undercutting  of  stream  banks  as  seen  in  the  lower  portions  of  the  brook.  This  exposes 
the  roots  of  trees  that  protect  and  stabilize  the  bank.  When  this  progressed  to  the  point  the  trees 
lose  their  base  strength  and  fall,  the  newly  exposed  material  will  erode  further. 

There  is  a  large  range  of  solids  that  are  carried  in  stormwater  (USEPA,  1976).  The  solids  are  both 
organic  and  inorganic.  The  inorganic  component  consists  of  clay,  sand,  gravel,  weather  concrete  and 
pavement,  and  metal  filings  and  pieces.  Many  of  the  inorganic  solids  in  runoff  are  easily  carried  along 
because  their  specific  gravity  is  close  to  that  of  water  (USEPA,  1976).  Included  in  this  group  are 
wood  chips  and  fibers,  leaf  litter,  grass  clippings,  seeds,  pollen,  organic  fragments  of  peat  and  loam, 
and  animal  droppings.  The  organic  particulates  exert  an  oxygen  demand  as  they  decompose  in  Gates 
Brook  and  the  reservoir.  The  amount  of  solids  suspended  or  present  in  the  water  column  is  a 
reflection  of  the  intensity  and  duration  of  the  rainfall  during  each  storm,  the  duration  between  storms, 
and  the  characteristics  of  the  drainage  area. 

A  number  of  different  analytical  methods  were  used  to  determine  the  concentration  of  particulate 
matter  in  Gates  Brook.  Total  solids,  suspended  solids,  total  volatile  solids,  and  turbidity  each  analysis 
target  a  different  fraction  of  the  particulate  matter.  High  solids  concentrations  in  drinking  water 
cause  undesirable  physiological  effects,  an  unpleasant  mineral  taste,  and  increase  corrosion  in  piping, 
water  heaters,  toilet  flushing  mechanisms,  and  dishwashers  and  washing  machines. 
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Total  solids  (TS)  is  determined  by  weighing  the  total  residue  from  a  sample  following  evaporation 
of  a  known  amount.  This  measures  the  total  residue  present  in  both  the  dissolved  and  particulate 
form.  One  disadvantage  of  this  method  is  that  a  single  large  particle  can  skew  the  results  upwards. 
Most  treatment  devices  for  stormwater  are  designed  to  remove  as  much  particulate  material  as 
possible,  but  dissolved  materials  are  not  filterable.  If  dissolved  material  is  included  in  the  analysis, 
it  may  reduce  the  usefulness  of  the  analysis  for  predicting  treatment  efficiency.  Dissolved  solids  are 
apt  to  be  a  greater  proportion  of  total  solids  during  the  early  spring  thaw  when  deicing  chemicals  are 
washed  off  of  roadways  and  other  paved  surfaces  (USEPA,  1976). 

Total  solids  concentrations  of  the  sampled  storms  ranged  from  99  to  3112  mg/L  The  highest  value 
was  recorded  during  "Hurricane  Bob"  on  August  19,  1991.  The  next  highest  concentration  of  1176 
mg/1  during  the  January  16  storm  may  have  been  a  result  of  the  road  sanding  and  salting  during  the 
snow  storm  the  previous  week.  Outside  of  these  two  storms,  the  highest  total  solids  concentration 
was  476  mg/1. 

Suspended  solids  (SS)  or  nonfilterable  residue  is  extensively  used  for  characterizing  storm  flow. 
Suspended  solids  includes  settleable  solids  and  floatable  solids.  All  dissolved  solids  and  finery 
suspended  and  colloidal  solids  that  cause  turbidity  are  passed  through  the  filter.  Suspended  solids 
shelter  pathogens  in  areas  that  may  not  come  in  contact  with  chlorine  disinfectant  (NAS,  1974).  Both 
the  composition  and  concentration  of  suspended  solids  affect  water  treatment  processes,  and  a  raw 
water  standard  cannot  be  developed. 

Suspended  solids  can  effect  fish  and  fish  food  populations  by  increased  mortality  or  decreased  growth 
rates,  smothering  fish  eggs,  changing  movement  and  migration,  and  reducing  food  sources.  Suspended 
solids  also  adsorb  organic  material  such  as  pesticides,  removing  them  from  the  water  column  and 
depositing  them  in  the  sediments  (NAS,  1974).  The  smallest  suspended  particles,  which  may  not 
settle  out  until  they  reach  further  into  the  reservoir,  may  have  the  highest  concentration  of  metals 
and  organo-chlorine  insecticide  concentrations  (NRC,  1976). 

Suspended  solids  ranged  from  below  the  detection  limit  of  10  mg/1  to  265  mg/1  during  the  August  19 
hurricane.  The  next  highest  value  was  226  mg/1  after  the  June  1 1  thunderstorm. 

Total  volatile  solids  (TVS)is  the  residue  after  ignition  at  550  *C  and  consists  of  primarily  organic 
matter.  It  also  includes  MgCO?  some  alkalis  and  chlorides  that  also  decompose  or  volatilize.  TVS 
can  be  used  as  an  indirect  measure  of  the  oxygen  demanding  fraction  of  water.  Total  volatile  solids 
ranged  from  below  the  detection  limit  of  10  mg/1  to  273  mg/L 

Turbidity  in  water  is  caused  by  the  presence  of  suspended  matter  such  as  clay,  silt,  nonliving  organic 
particulates,  plankton,  and  other  microscopic  organisms.  Turbidity  measures  the  light  scattering  and 
absorbing  property  of  water.  The  clarity  of  water  affects  the  aesthetics  of  drinking  water  and  is  a 
general  indicator  of  the  condition  and  productivity  of  the  system. 

The  drinking  water  standard  is  5  NTU  for  source  water  and  1  NTU  for  finished  water.  Turbidity 
during  the  storms  ranged  from  0.2  to  14  NTU.  During  routine  sampling,  turbidity  levels  as  high  as 
95  NTU  have  been  measured. 
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Nutrients 

The  high  levels  of  phosphorus  and  nitrogen  typically  observed  in  stormwater  runoff  can  cause  algal 
blooms  when  the  elevated  tributary  nutrient  loads  are  carried  into  the  reservoir.  The  nutrients  in 
stormwater  runoff  are  in  the  soluble  form  readily  taken  up  by  algae  (Schueler,  1987).  MWRA  water 
users  have  complained  of  taste  and  odor  problems  that  has  been  related  to  algal  growth  in  the 
reservoir.  These  problems  are  usually  associated  with  increases  in  Svnura.  a  golden-brown  alga. 
Svnura  can  cause  serious  taste  and  odor  problems  when  present  at  very  low  concentrations.  Control 
of  nutrient  loading  that  promotes  growth  of  this  alga  is  very  important  to  this  system.  Taste  and  odor 
problems  do  not  constitute  a  risk  to  health  for  consumers,  but  are  aesthetic  problems  and  cause 
consumers  to  purchase  bottled  water  or  invest  in  expensive  home  filtration  systems. 

Nutrient  export  is  generally  greater  as  the  impervious  area  increases  in  the  watershed,  unless  there 
are  land  uses  with  a  high  fertilizer  application  rate,  as  in  golf  courses,  cemeteries,  and  other 
intensively  landscaped  areas  (Schueler,  1987). 

Phosphorus  is  present  in  natural  waters  as  phosphate  (P04"),  its  highest  oxidized  form.  It  may  occur 
in  dissolved,  colloidal,  or  particulate  states.  Phosphorus  can  occur  in  soluble  and  insoluble  inorganic 
compounds,  including  orthophosphate,  polyphosphate,  and  metaphosphates.  Organic  phosphate 
occurs  in  aquatic  organisms  and  detritus.  It  is  essential  to  a  wide  variety  of  biological  and  chemical 
processes.  All  living  protoplasm  contains  about  two  percent  phosphorus  on  a  dry  weight  basis. 
Phosphorus  can  be  the  element  in  short  supply  that  limits  the  growth  of  photosynthetic  aquatic  plants 
(Snoeyink  and  Jenkins,  1980). 

Phosphorus  that  enters  via  the  tributaries  to  Wachusett  Reservoir  will  reach  the  reservoir  as  part  of 
the  fluid  mass,  as  bed  load  sediments  carried  downstream,  or  as  floating  organic  materials. 
Phosphorus  can  enter  the  surface  water  from  several  different  sources.  Agricultural,  forest,  and 
residential  areas  contribute  varying  amounts  in  storm  runoff.  Organic  phosphate  sources  include 
runoff,  septic  system  leachate,  and  biological  processes.  The  human  body  excretes  about  one  pound 
per  year  of  phosphorus  expressed  as  total  phosphorus.  Phosphorus  detergents  and  other  domestic 
sources  raise  each  persons  contribution  to  3.5  pounds/year  (USEPA,  1986b).  When  septic  systems 
are  not  operating  properly,  a  disproportionate  amount  of  this  phosphorus  may  reach  the  stream. 
Organic  phosphates  are  also  formed  from  orthophosphates  by  stream  biota. 

To  protect  waterbodies  from  noxious  weed  and  algae  growth,  total  phosphorus  should  not  exceed 
0.050  mg/1  in  a  stream  at  the  point  where  it  enters  the  reservoir,  or  0.025  mg/1  within  the  reservoir 
(USEPA,  1986b).  The  range  of  total  phosphorus  in  the  stormwater  sampling  at  Gates  Brook  was 
0.005  to  0.86  mg/1.  The  mean  concentration  from  each  storm  exceeded  the  0.05  mg/1  standard  in  all 
but  three  storms.  The  level  of  phosphorus  in  the  four  dry  weather  composites  during  the  study 
ranged  from  0.016  to  0.041  mgf\.  During  1987-1988  study  (Tighe  &  Bond,  1989),  the  mean 
phosphorus  concentration  at  Gates  Brook  was  0.056  mg/1. 

The  choice  of  the  digestion  method  for  the  total  phosphorus  analyses  was  affected  by  the  solids  in 
the  samples.  The  analytical  method  for  phosphorus  is  a  two-step  procedure.  The  first  step  is 
digestion,  where  the  phosphorus  is  released  from  organic  matter  and  hydrolyzed  to  the 
orthophosphate  form.  In  the  second  colorimetric  step,  the  orthophosphate  is  complexed  with 
ammonium  molybdate  to  form  a  blue-colored  solution.  There  are  three  digestion  methods  in 
Standard  Methods  Section  424C  (APHA,  1989):   perchloric  acid  digestion,  sulfuric  acid-nitric  acid 

33 


digestion,  and  persulfate  digestion.  Perchloric  acid  digestion  was  not  considered  because  it  is 
explosive  and  requires  a  special  hood  in  the  laboratory.  In  the  sulfuric  acid-nitric  acid  method,  the 
samples  are  acidified  and  heated  at  high  temperatures  in  an  automatic  digestion  block  before 
colorimetric  analysis.  In  the  persulfate  method,  the  samples  are  acidified,  persulfate  added,  and 
heated  on  a  hot  plate.  Sulfuric  acid-nitric  acid  digestion  is  more  rigorous  than  persulfate  digestion, 
but  there  is  more  variability  in  the  results  as  shown  in  Figure  3-1  Persulfate  digestion  was  used 
because  it  is  presumed  to  give  a  better  representation  of  naturally  occurring  processes.  This  method 
was  also  recommended  for  routine  analysis  in  the  National  Urban  Runoff  Program  (NURP)  studies 
(USEPA,  1976). 

Nitrogen  compounds  are  present  in  natural  waters  in  several  forms.  They  are  found  in  cellular 
components,  particulate  matter,  soluble  organic  substances,  and  inorganic  ions.  The  most  important 
compounds,  in  order  of  decreasing  oxidation  state,  are  nitrate  (N03"),  nitrite  (NO20>  ammonia 
(NH3"),  and  organic  nitrogen.  Along  with  molecular  nitrogen  gas,  these  compounds  are  part  of  the 
nitrogen  cycle.  Many  of  the  reactions  of  the  nitrogen  cycle  are  linked  to  the  metabolic  activity  of 
microorganisms.  The  microorganisms  do  not  actually  perform  the  chemical  reactions  in  the  nitrogen 
cycle,  but  catalyze  the  reactions  for  energy  and  biosynthesis  (Snoeyink  and  Jenkins,  1980).  The  redox 
reactions  are  nitrification,  the  oxidation  of  ammonium  ion  to  nitrite;  nitrate  reduction,  the  reduction 
of  nitrate  to  nitrite,  and  subsequently  to  ammonium  ion;  denitrification,  the  reduction  of  nitrate  to 
gaseous  nitrogen,  and  nitrogen  fixation,  the  reduction  of  gaseous  nitrogen  to  ammonium  ion. 

Nitrogen  sources  in  the  environment  are  septic  tanks,  fertilizer  and  animal  wastes,  atmospheric 
fallout,  automobile  discharges,  and  mineralization  of  soil  organic  matter  (NAS,  1972). 

Organic  nitrogen  (proteins,  nucleic  acids,  and  urea)  are  found  in  soil  organic  matter  and  plant  and 
animal  protein.  When  these  compounds  decompose,  the  produce  ammonia-nitrogen.  In  the 
laboratory,  organic  nitrogen  and  ammonia  are  analyzed  together  as  total  Kieldahl-nitrogen  (TKN). 
Organic  nitrogen  may  be  determined  by  subtracting  the  ammonia  from  TKN  in  each  sample.  Organic 
nitrogen  concentrations  range  from  a  few  hundred  micrograms  per  liter  in  some  lakes  to  20  mg/1  in 
wastewater  (APHA,  1985).  TKN  was  not  measured  in  the  earlier  study,  but  during  the  sampled 
storms,  TKN  ranged  from  0.06  to  3.14  mg/1  (mean  of  0.79  mg/1).  Organic  nitrogen  ranged  from  0.12 
to  1.59  mg/1  (mean  of  0.62  mg/1). 

Ammonia  (NH31  is  released  during  the  decomposition  of  organic  matter  and  can  also  be  formed  by 
the  reduction  of  nitrate,  ammonia  is  bound  to  soil  particles  and  clay  and  is  not  usually  leached  form 
soil.  Ammonia  exerts  a  high  oxygen  demand,  and  is  toxic  to  aquatic  organisms.  The  toxicity  is 
affected  by  dissolved  oxygen  concentration,  temperature,  pH,  previous  acclimation  to  ammonia, 
intermittent  exposures,  carbon  dioxide  concentrations,  salinity,  and  the  presence  of  other  toxicants 
(USEPA,  1986b).  The  mean  ammonia  concentrations  during  the  1987-1988  study  was  0.06  mg/I. 
During  the  stormwater  study,  the  ammonia  levels  ranged  from  below  the  limit  of  detection  (0.02  mg/1) 
to  0.08  mg/1. 
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FIGURE  3-1 


GATES  BROOK  STORMWATER  STUDY 


Phosphorus  Digestion  Method  Comparison 


2.5- 


2- 


£    1.5 

C 

o 


cc 


O 

c 
o 

o 


1- 


0.5- 


Persulfate 


H2S04-HN03 


0    2    4    6    8   10  12  14  16  18  20  22  24  26  28  30  32 

Sampling  Time 


[N021  s 


of 


of  nitrate  by  sofl  and  water 
the  complete 


• — --•-— 


V~-.c  XO^isthe 


_r 


-_■ 


rec_:ec  :; 


_ : : .  ■  t 


ire 


'NRG  1977). 


tracts  of  infants,  the  oxygen  carrying  capacity  of 
or  "bine  baby."  Gastric  pH  greater  than  4  is 

to 
to  fin  N-mtroso 


set  the  maximum  mtrate  level  tor 
value  during  the 
0L25  to  ZO  mg/t  well  below  the 

Ifetah 


at  10  mg/1  to 
1.61  mgfl.    The 


::  z.iz 


mem 


:err_ry. 


Lhe  human  health 
=  ::  =  :  z.r.iz  it ■■::. 
.-.-_-   arsenic  cadmium 
c  The  sampling  for  ] 
■  aid  the 
metals  are  listed  in  Table 


n-zi  j  r:~ 


:-e 


-    -   -  r  -  -  - 


(Schueter.  1987).  The 
(Sdmeler,  1987).  Up  to  90  percent  of  the 
its  way  to  receiving  waters  (Oberts,  1965). 

are  sources 


KBM 


_r  ~   i-.z. 


:z~ 


m 
of  the  metals  are  attached  to  1 1  iMmi  K,  and  may  rapidly  settle  out  of 
le  water  comma  (Sdmefer.  1967).  Therefore,  they  are  not  immediately  available  for  biological 
pate  (OWML  1983:  Galvm  and  Moore.  1962).  Second,  runoff  events  last  for  shorter  periods  of 
me  than  the  ri[nmar  time  m  aquatic  bioassays  (24  boors  to  a  week  for  chronii 
mrd.  the  muff  from  ucaUupul  areas  is  mmed  with  other  sources.  However,  the 
soch  m  copper  and  zinc  are  Hkely  to  be  tone  in  some  situations  ( JTC  1962). 


tommy  to  fish  ami  other 

to  the  USEPA  water  quality  criteria.  The 
es  based  on  the  avtiay,  <i— imUjuum  over  a  four-day 


period  not  exceeding  the  criteria  more  than  once  every  three  years  on  the  average.  The  acute 
is  based  on  the  one-hour  average  concentration  not  exceeding  the  criteria  more  than  once  every  three 
years  on  the  average.  The  three -year  period  is  the  USEPA's  best  scientific  judgement  of  the  avcitgi 
amount  of  time  it  will  take  an  unstressed  system  to  recover  from  an  event  when  the  criteria  were 
exceeded.  Since  the  toxicity  of  several  metals  varies  with  hardness,  the  criteria  were  calrulalrd  using 
a  mean  stonrrwater  hardness  of  50  mgL  The  criterion  for  each  metal  is  also  noted  in  Table  3-5. 
The  detection  limit  for  cadmium  and  lead  is  greater  than  the  criteria,  and  the  potential  for  any 
■stream  metal  toxicity  could  not  be  assessed.  The  freshwater  criterion  for  mercury  is  very 
conservative  because  it  is  bioconcentrated  in  the  food  chain  (USEPA  19351).  In  some  instances, 
aquatic  organisms  are  more  sensitive  to  toxic  metals,  and  the  aquatic  life  criteria  are  lower  that  the 
drinking  water  standard.  An  additional  measure  of  the  relative  potential  toxicity  of  instream  metals 
is  the  Toxic  Unit  (TU).  Toxic  Units  are  the  ratio  of  the  concentration  of  the  chemical  in  question 
and  the  chronic  criterion  of  the  chemical 

A  variety  of  metals  were  found  in  the  urban  runoff  sampled  collected  during  the  National  Urban 
Runoff  Program  (NURP)  studies.  With  the  exceptions  of  lead,  cadmium,  copper,  and  zmc,  most  of 
the  trace  metals  were  found  in  only  a  few  of  the  samples  and  in  small  amounts  well  below  Hrmfcing 
water  and  aquatic  life  standards.  Of  the  twelve  metals  tested  in  the  Gates  Brook  stormwater.  six 
exceeded  the  drinking  water  standards  at  least  once,  and  eight  exceeded  the  aquatic  life  criteria  at 
least  once. 
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The  primary  drinking  water  MCL  for  aluminum  is  one  mg/1.  At  pH  6.5  to  9.0,  the  chronic  aquatic 
life  criteria  is  0.087  mg/1,  and  the  acute  criteria  is  0.75  mg/1.  In  all  but  one  storm,  the  chronic  water 
quality  criterion  was  exceeded  by  the  mean  storm  concentrations.  The  peak  storm  concentration 
exceeded  the  acute  criteria  of  0.75  mg/1  in  more  than  half  the  sampled  storms.  The  stormwater 
concentrations  ranged  from  0.07  to  4.9  mg/1. 

Arsenic  compounds  are  widely  distributed  at  low  concentrations  in  U.S.  waters  (Durum,  1974; 
USEPA,  1985a).  The  primary  drinking  water  MCL  for  arsenic  is  0.05  mg/1,  which  protects  against 
skin  and  lung  cancer  and  kidney  damage.  The  aquatic  life  criteria  is  0.190  mg/1  for  chronic  exposure 
and  0.36  mg/1  for  acute  exposure.  The  stormwater  concentrations  ranged  from  0.001  to  0.014  mg/1 
and  were  all  well  below  the  drinking  water  and  aquatic  life  criteria. 

In  pure,  fresh  water,  cadmium  sometimes  occurs  at  concentrations  of  less  than  0.01  fjg/l,  but  where 
streams  have  been  impacted  by  development,  the  concentration  can  be  several  /jg/1  or  greater 
(USEPA,  1985b).  The  primary  MCL  for  cadmium  was  set  at  0.010  mg/1.  The  aquatic  life  criteria  are 
0.0018  mg/1  (1.8  (jg/l)  for  acute  exposures  and  0.00066  mg/1  (0.66  /jg/1)  for  chronic  exposures.  The 
storm  samples  met  the  primary  MCL  for  cadmium.  The  chronic  aquatic  life  criteria  is  below  the 
limits  of  detection  for  the  laboratory  analysis  and  the  mean  concentration  for  each  storm  ranged  from 
0.001  to  0.004  mg/1. 

There  are  no  drinking  water  or  water  quality  criteria  for  calcium.  The  calcium  concentrations  ranged 
from  5  to  29  mg/1. 

Significant  quantities  of  chromium  (HI)  or  chromium  (VI)  or  both,  exist  in  natural  water  and  are 
converted  back  and  forth  under  natural  conditions  (USEPA,  1985c).  Because  the  chemical  and  toxic 
properties  are  different  for  each  oxidation  state  and  are  not  additive,  separate  criteria  have  been 
developed  for  Cr  (VI)  and  Cr  (HI).  To  protect  against  liver,  kidney  and  lung  diseases,  the  primary 
MCL  for  chromium  (VI)  is  0.05  mg/1.  The  peak  concentration  during  one  storm  exceeded  the 
drinking  water  criterion.  For  chronic  exposure,  the  aquatic  life  criterion  is  0.01 1  mg/1,  and  for  acute 
exposure,  the  criterion  is  0.016  mg/1.  The  mean  stormwater  concentration  during  one  storm  was  equal 
to  the  chronic  exposure  level  for  Cr  (VI).  The  aquatic  life  criteria  for  Cr  (III)  adjusted  for  hardness 
is  0.117  mg/1  for  chronic  and  0.984  mg/1  for  acute  exposures.  The  samples  were  always  below  this 
level,  ranging  from  < 0.001  to  0.063  mg/1. 

Copper  is  a  minor  nutrient  for  both  plants  and  animals  at  low  concentrations  but  is  toxic  at  slightly 
higher  levels  (USEPA,  1985).  Concentrations  of  one  to  ten  fjg/\  are  usual  in  unpolluted  surface 
waters.  The  drinking  water  primary  MCL  is  1.3  mg/1.  Copper  can  cause  anemia,  digestive 
disturbances,  and  liver  and  kidney  damage.  The  secondary  MCL,  based  on  controlling  undesirable 
tastes  and  odors,  is  1.0  mg/1.  The  samples  collected  during  the  study  always  met  these  standards. 
Aquatic  organisms  are  very  sensitive  to  copper.  The  toxicity  of  copper  decreases  as  hardness 
increases,  and  at  Gates  Brook  hardness  concentrations,  the  chronic  aquatic  life  criterion  is  0.0065  mg/1 
(6.5  fjgfi)  and  the  acute  criterion  is  0.0092  mg/1  (9.2  /^/l).  The  concentrations  ranged  from  < 0.002 
to  0.26  mg/1  and  the  chronic  and/or  acute  criteria  was  exceeded  by  the  mean  value  in  five  of  the  seven 
storms. 

Concentrations  of  iron  above  the  secondary  MCL  set  at  0.3  mg/1  cause  taste  problems  and  laundry 
stains.  The  maximum  concentration  allowed  to  protect  aquatic  life  is  1.0  mg/1.  The  stormwater 
concentrations  ranged  from  0.05  to  21  mg.l  and  both  of  these  criteria  were  regularly  exceeded  during 
the  storms.  The  mean  iron  concentration  from  all  storms  was  0.88  mg/1,  in  part  because  the  peaks 
were  often  an  order  of  magnitude  greater  than  the  secondary  MCL. 
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The  primary  MCL  for  lead  is  0.05  mg/1  to  prevent  brain  and  nerve  damage,  especially  in  children 
CStewart  et  al,  1989).  This  level  was  exceeded  by  the  peak  concentrations  in  two  storms.  The  toxicity 
of  lead  decreases  as  hardness  increases  (USEPA,  1985).  At  the  Gates  Brook  hardness,  the  chronic 
water  quality  criteria  is  0.0013  mg/1  (13  /^/l)  and  the  acute  level  is  0.034  mg/1  (34  jg/1).  The  level 
in  the  stormwater  ranged  from  below  detection  to  0.085  mg/1.  The  chronic  level,  below  the  limit  of 
detection,  was  exceeded  in  all  but  one  storm.  The  acute  water  quality  criterion  was  exceeded  twice. 

Manganese  is  not  found  in  natural  conditions  as  a  metal,  but  rather  as  a  salt  or  mineral,  and  is  often 
associated  with  iron  compounds.  Permanganates  are  very  strong  oxidizing  agents  of  organic  materials. 
The  secondary  drinking  water  standard  was  set  at  0.05  mg/1  to  reduce  taste  complaints  and  brown 
laundry  stains.  Low  iron  concentrations  may  intensify  the  adverse  effects  of  manganese  (USEPA, 
1986b).  Although  manganese  ions  are  rarely  found  in  surface  waters  above  1.0  mg/1  (USEPA,  1986b), 
the  peak  storm  concentrations  were  equal  or  twice  as  high  on  three  occasions.  The  mean  storm 
concentrations  exceeded  the  drinking  water  standard  during  most  storms.  The  mean  manganese 
concentration  was  0.31  mg/1. 

Mercury  is  one  of  the  most  toxic  of  the  heavy  metals,  and  can  be  a  serious  pollutant  in  surface  waters 
(USEPA  1985f).  Methylmercury  is  the  most  chronically  toxic  mercury  compound,  and  the  criterion 
assumes  that  all  the  mercury  is  methylmercury.  The  health  effects  of  mercury  are  brain  and  nerve 
damage,  birth  defects,  and  skin  rash.  The  drinking  water  primary  standard  is  0.002  mg/1.  Although 
most  of  the  samples  were  at  or  below  the  limit  of  detection,  during  one  storm  the  peak  concentration 
was  four  times  higher  than  this  standard.  The  chronic  aquatic  life  criteria  is  0.000012  mg/1  (0.012 
fjg/\),  below  the  limit  of  detection,  and  the  acute  level  is  0.0024  mg/1  (2.4  /g/1).  The  average  mercury 
concentration  exceed  the  criterion  by  33  toxic  units.  The  concentrations  ranged  from  below  detection 
to  0.0094  mg/1  (9.4  ^g/1). 

Another  common  metal  in  surface  water  is  nickel.  Under  natural  conditions,  the  divalent  cation  is 
predominant  and  is  considered  most  toxic  (USEPA,  1986a).  Alkalinity,  hardness,  pH,  and 
temperature  affect  the  toxicity  and  availability  of  nickel.  The  USEPA  has  proposed  a  primary  MCL 
of  0.1  mg/1.  Although  nickel  concentrations  were  usually  at  or  below  the  limit  of  detection  (0.002 
mg/1)  the  proposed  standard  was  surpassed  during  one  storm.  The  aquatic  life  criteria  are  0.088  mg/1 
for  chronic  exposure,  and  0.789  mg/1  for  acute  exposures.  The  chronic  criteria  was  exceeded  once. 

The  concentration  of  zinc  in  water,  like  lead  and  cadmium,  can  be  correlated  with  runoff  from 
developed  areas  (Durum,  1974).  Concentrations  of  30  mg/1  give  water  a  strong  astringent  taste  and 
murky  appearance.  Zinc  may  be  picked  up  in  the  distribution  system  in  soft  water  areas  like  Boston 
(NRC,  1977).  The  secondary  standard  for  zinc  is  based  on  the  threshold  at  5  mg/1  for  a  metallic  taste. 
The  chronic  water  quality  criterion  for  zinc  is  0.059  mg/1  (59  /g/l)  and  the  acute  criterion  is  0.065  mg/1 
(65  yg[\)  (USEPA,  1980).  The  acute  standard  was  exceeded  by  peak  concentrations  during  four 
storms,  and  the  chronic  criterion  was  exceeded  during  two  storms.  All  samples  met  the  drinking 
water  criterion.  The  concentration  of  zinc  in  the  stormwater  samples  ranged  from  below  the 
detection  limit  to  0.2  mg/1. 

Bacteria 

Samples  were  collected  and  analyzed  for  fecal  coliform  bacteria  during  9  of  24  storms,  and  once 
during  dry  weather  sampling.  Table  3-6  presents  a  summary  of  maximum  and  minimum  bacteria 
levels  from  each  storm  sampled.  Means  and  standard  deviation  were  calculated.  However,  due  to 
the  limited  data,  these  statistics  are  include  only  to  illustrate  the  large  variability  in  the  data  collected 
during  this  study.  They  are  not  considered  as  an  accurate  statistical  representation  of  bacteria 
conditions  in  Gates  Brook. 
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TABLE  3  -  6 
GATES  BROOK  STORMWATER  STUDY 

Summary  of  Fecal  Coliform  Analysis 

(colonies  per  100  ml) 


Date 


No.  Samples 


Dry  Weather  Sampling 
Maximum  Minimum 


Mean 


S.D. 


10/15/90 


400 


180 


276 


81.73 


Wet  Weather  Sampling 

Date 

No.  Samples 

Maximum 

Minimum 

Mean 

S.D. 

10/23/90 

7 

180 

120 

146 

25.73 

01/16/91 

13 

240 

36 

93 

68.70 

02/07/91 

3 

720 

130 

357 

317.86 

04/30/91 

12 

4100 

110 

1281 

1285.77 

06/05/91 

1 

145 

— 

— 

— 

06/12/91 

9 

12800 

332 

6704 

4213.95 

06/19/91 

9 

9600 

80 

3778 

3455.00 

07/23/91 

7 

30000 

3000 

9143 

9352.87 

09/19/91 

12 

18500 

1800 

8952 

5602.28 

09/25/91 

7 

18500 

8500 

12800 

3871.69 

MDC  Annual  Monitoring  Reports 

Date 

No.  Samples 

Maximum 

Minimum 

Mean 

S.D. 

1991 

22 

18500 

4 

907 

3930.64 

1990 

21 

800 

6 

111 

179.59 

1989 

21 

210 

0 

42 

53.69 

(bacteria) 


3.7  Problems  Encountered  During  Sampling 

The  sampling  program  associated  with  this  type  of  study  is  different  from  the  sampling  that  has 
typically  been  done  by  MDC-EQS  staff.  The  program  should  be  an  integral  part  of  the  scoping  and 
design  of  the  study.  The  sampling  program  of  this  study  evolved  during  the  actual  study  and, 
therefore,  some  inherent  problems  and  differences  in  the  data  collected  were  encountered. 

The  window  of  opportunity  for  sampling  was  limited  to  Monday  through  Thursday  due  to  laboratory 
constraints  associated  with  bacteria  analysis.  As  discussed  previously,  three  antecedent  dry  days  were 
established  as  a  criteria  for  this  study  which  eliminated  some  storms  that  began  during  the  week. 

The  Worcester  NOAA  station  forecasters  were  very  helpful  and  provided  detailed  weather  forecasts 
for  the  study.  However,  the  distance  between  the  sampling  station  and  the  Worcester  Airport 
sometimes  was  too  great  to  record  accurate  rainfall;  especially  for  summer  showers.  The  USGS 
loaned  the  study  a  rain  gage,  byt  the  winding  mechanism  was  unreliable.  The  mechanism  had  to  be 
replaced  with  a  quartz  movement  which  did  not  occur  until  late  in  the  study. 

The  inability  to  utilize  the  liquid  level  actuator  to  trigger  the  sampler  reduced  the  amount  of  data 
obtained.  The  limitation  of  sampling  to  times  that  were  predicted  by  the  NOAA  caused  samples  to 
be  taken  of  only  portions  of  or  totally  missing  the  storm  events.  Sampling  of  the  events  that  were 
of  shorter  durations  or  moved  at  speeds  differing  from  those  projected  by  the  NOAA  were  not 
properly  represented  by  the  actual  runoff  characteristics. 

Reliable  measurements  of  large  storm  flows  (in  excess  of  75  cfs)  were  not  collected  due  to  the 
hydraulic  design  of  the  sampling  station.  On  several  occasions  the  storm  flow  exceeded  the  capacity 
of  the  gaging  mechanism  and  the  brook  breached  the  system.  The  MDC  installed  a  12  inch  diameter 
relief  culvert  to  minimize  the  damage  from  breaching,  but  this  affected  the  flow  measurements  of 
larger  storms. 

The  flow  meter  probe  was  placed  so  that  it  was  vulnerable  to  rocks  and  debris  that  were  being  carried 
in  the  storm  flow.  The  probe  was  held  in  place  by  metal  clips  bolted  into  the  concrete  culvert. 
Debris,  (rocks,  tires  and  logs)  passing  through  the  culvert  struck  the  vane  of  the  probe.  On  one 
occasion,  high  flows  ripped  the  probe  from  the  fasteners,  and  repair  of  the  probe  took  several 
months.  Therefore,  flow  data  were  not  collected  from  March  3  to  May  1, 1991.  A  grate  was  installed 
to  protect  the  probe,  but  was  abandoned  because  measurement  of  the  flow  was  disrupted.  The 
strainer  for  the  ISCO  sampler  also  broke  away  during  another  storm. 

During  the  initial  time  of  the  study,  storm  duration  exceeded  the  sampling  equipment's  capacity  (ie, 
the  number  of  bottles  in  the  ISCO  bases),  so  the  sampling  protocol  was  adjusted  as  described  in 
Section  3.4.  This  reduced  the  accuracy  of  the  estimation  of  the  "first  flush",  but  more  information 
was  obtained  to  estimate  total  loading. 

Due  to  the  localized  nature  of  some  of  the  events,  good  communication  between  personnel  during 
storms  did  not  occur.  A  communication  system  is  essential  to  minimize  repeated  activities,  and  to 
inform  others  of  problems  that  may  arise  at  the  sampling  site. 

The  choice  of  the  digestion  method  for  the  total  phosphorus  analyses  was  affected  by  the  solids  in 
the  samples.  Due  to  the  sediment  in  the  samples,  the  phosphorus  that  had  combined  with  organic 
matter  was  digested  and  oxidized  first.  Persulfate  digestion  was  used  because  it  appeared  to  give  a 
more  accurate  representation  of  naturally  occurring  processes. 
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4.0   MODELLING 


4.1  Model  Selection 

Analysis  of  the  impact  of  stormwater  on  a  receiving  water  is  complex.  In  dry  weather  studies,  it  is 
reasonable  to  assume  steady  state  conditions  for  both  the  waste  source  and  the  receiving  water.  A 
complete  analysis  of  a  situation  can  be  developed  with  limited  pollutant  concentration  data  and 
minimal  amount  of  flow  quantity  data.  In  stormwater  studies,  however,  pollutant  concentrations  and 
flow  quantities,  in  both  the  pollutant  source  and  the  receiving  water,  vary  with  time.  Pollutant 
concentrations,  and  runoff  and  receiving  water  volumes  can  vary  by  several  orders  of  magnitude  in 
a  single  storm.  Increased  sample  collection  can  help  to  characterize  the  stormwater,  but  it  is  rarely 
possible  to  collect  enough  samples  to  accurately  quantify  pollutant  loadings  from  stormwater.  Even 
if  resources  are  available  to  collect  and  analyze  an  adequate  number  of  samples,  the  evaluation  of 
all  the  data  is  very  difficult.  In  order  to  evaluate  effects  of  stormwater,  it  is  almost  always  necessary 
to  use  a  computer  simulation  model. 

The  overall  objective  of  stormwater  modelling  is  to  make  decisions  about  methods  to  mitigate 
stormwater  pollution  and/or  flooding.  Traditionally,  there  are  three  general  classes  of  models  which 
can  be  used  to  evaluate  stormwater  effects: 

Planning  models  are  used  for  an  overall  assessment  of  stormwater  problems.  They  are 
generally  used  as  for  a  "first-cut"  analysis  to  initially  quantify  the  problem,  and  to  investigate 
general  classes  of  abatement  options.  Data  requirements  are  minimal,  and  period  of 
simulation  is  generally  long  (months  or  years). 

Design  models  are  oriented  toward  detailed  simulation  of  a  single  storm  event  (a  design 
storm).  Design  models  have  extensive  data  requirements,  and  generally  are  run  for  a  short 
period  (a  single  storm,  typically  several  hours). 

Operational  models  are  used  to  produce  actual  control  decisions  during  a  storm  event.  The 
model  is  used  to  predict  system  responses,  and  then  various  control  options  may  be  employed 
(e.g.  in  system  storage,  diversions,  etc.)  (Huber  and  Heaney). 

Initially,  the  MDC  and  DEP  intended  to  use  the  Stormwater  Management  Model  (SWMM)  for 
analysis  of  the  Gates  Brook  subwatershed.  SWMM  is  an  excellent  stormwater  model  which  can  make 
very  detailed  water  quality  predictions.  However,  it  has  a  large  data  input  requirement,  and  requires 
significant  staff  time  to  get  the  model  running  on  the  user's  computer  system.  Another  factor  for 
future  considerations  about  using  SWMM  is  the  cost  of  the  model.  The  version  of  SWMM  which 
was  to  be  used  in  this  study  costs  approximately  $2000. 

MDC  and  DEP/OWM  decided  to  use  the  P8  Urban  Catchment  Model  (IEP,  1990;  Walker,  1990) 
to  analyze  stormwater  data  collected  in  this  study.  P8  stands  for  Program  for  Predicting  Polluting 
Particle  Passage  Thru  Pits,  Ponds,  and  Puddles.  P8  is  a  planning  level  model.  Review  of  the  data 
base  established  by  the  sampling  component  of  this  study  indicated  that  a  planning  level  model  would 
be  more  appropriate  than  a  design  level  model.  Other  factors  which  where  considered  included  the 
fact  that  P8  is  developed  for  use  on  a  personal  computer,  and  is  reasonably  user-friendly.  The  model 
can  be  calibrated  to  site-specific  conditions  fairly  easily,  and  can  be  used  to  develop  preliminary 
recommendations  for  design  of  treatment  alternatives.  P8  is  capable  of  modelling  most  of  the 
parameters  identified  as  pollution  problems  related  to  stormwater  in  the  Gates  Brook  subwatershed. 
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42  P8  Model  Description 

The  P8  Model  was  developed  for  the  Narragansett  Bay  Project  in  Providence,  Rhode  Island  to 
predict  the  generation  and  transport  rates  of  pollutants  associated  with  stormwater  runoff  in 
urbanized  areas.  Specific  concerns  in  the  Rhode  Island  study  focussed  on  the  impact  of  residential 
and  commercial  development  to  the  environment  (IEP,  1990). 

Calibration  of  the  P8  model  to  site-specific  data  is  accomplished  by  adjustment  of  coefficients  of 
specific  components  (ie.  precipitation  volume  and  NURP  (National  Urban  Runoff  Program)  median 
event-mean  runoff  concentrations).  The  stormwater  can  be  routed  through  treatment  devices, 
including  detention  ponds,  infiltration  basins,  flow  splitters,  swales,  and  buffers,  and  pollutant  removal 
by  each  of  the  BMP's  can  be  predicted. 


43  Model  Input 

The  information  required  for  the  P8  model  includes  site-specific  watershed  data,  rainfall  data, 
evapotranspiration  and  runoff  parameters,  and  treatment  device  data.  The  input  information  was 
collected  from  a  variety  of  sources.  Watershed  data  were  taken  from  field  investigations  and 
combined  with  information  from  the  Massachusetts  Geographic  Information  System  (MASSGIS) 
database.  Specific  characteristics  include  drainage  area,  land  use  type,  impervious  area,  soil  types,  and 
slopes. 

Land  use  data  were  initially  provided  in  15  categories,  as  described  in  Section  2.4.  This  information 
was  then  reduced  to  three  aggregate  land  use  types-residential,  commercial,  and  open/agricultural. 
Land  uses  in  each  aggregate  group  are  considered  to  have  similar  runoff  characteristics  for  modelling 
purposes.  Figure  4-1  shows  the  distribution  of  the  residential,  commercial,  and  open/agricultural 
land  uses  over  the  Gates  Brook  study  area.  Soil  types  and  curve  numbers  were  determined  based  on 
the  land  use  designations  and  field  experience. 

Table  4-1  shows  watershed  characteristics  as  input  for  a  model  run.  This  display  of  the  input  data 
is  part  of  the  programming  within  the  model. 

Precipitation  and  temperature  data  were  taken  from  the  National  Oceanic  and  Atmospheric 
Administration  (NOAA)  database.  A  NOAA  station  located  at  the  Worcester  Airport  provided 
rainfall  data  in  hourly  increments.  This  station  is  located  approximately  seven  miles  south  of  the 
Gates  Brook  subwatershed.  Air  temperature  data  were  taken  from  the  NOAA-Providence  Airport 
station,  located  approximately  50  miles  from  the  study  area.  Temperature  data  were  available  as 
monthly  mean  temperatures. 

The  initial  particle  characteristics  and  water  quality  component  concentrations  in  runoff  are  based 
on  data  measured  under  the  NURP  study  (Athayde  et  al.,  1983).  The  model  calculates  particle 
concentrations  in  runoff  using  empirical  equations,  similar  to  those  used  in  SWMM.  The  equations 
are  based  on  pollutant  buildup  on  the  land,  and  direct  runoff  concentrations.  A  schematic  of  the 
mass  balance  system  of  the  P8  Model  for  the  Gates  Brook  subwatershed  is  shown  in  Figure  4-2 
This  schematic  does  not  depict  any  treatment  device. 

Stormwater  treatment  device  data  are  specific  to  the  particular  device  being  used  or  reviewed.  The 
characteristics  include  location,  storage  capacity,  inflow/outflow  rates,  flow  directions,  and  material 
types. 
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Figure  4-1 
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TABLE  4-1,  page  1 
Input  for  the  P-8  Model 


Case  Data  File   =   FINAL.CAS 
Storm  Data  File  =  worc8891.stm 
Particle  File    =   NURP50.PAR 
Air  Temp  File     =   prov6988.tmp 

precipitation  volume  factor  =   1.000 

storm  duration  factor  =   1.000 

number  of  passes  through  storm  file  =        1 

storm  dates {yymmdd}:  start  =  901201,  keep  =  910115,  stop  =  910620 

case  notes: 

Gates  Brook  simulation 
West  Boylston,  MA 
Calibration  to  observed  flows 
Calibration  of  runoff  parameters 
Drainage  Area   =   2028  acres 

watershed  =    1  gates 

surface  runoff  device   =    1  runoff 
percolation  device       =   2 

watershed  area  acres      =   2028.000 

impervious  fraction  =        .250 

impervious  depression  storage      inches     =        .020 
scs  curve  number  (pervious  portion)  =      30.000 

sweeping  frequency  times/week   =        .000 

water  quality  load  factor  -  =       1.000 

device  1  =  runoff,  type  =  5  pipe 

time  of  concentration   =        7.000  hours 

normal  outlet  routed  to  device  3  total 

device  2  =  baseflow,  type   =   7  aquifer 
time  of  concentration   =   700.000  hours 
normal  outlet  routed  to  device  3  total 

device  3  =  total,  type   =   5  pipe 
time  of  concentration   =      .000  hours 
normal  outlet  routed  to  device    0  OUT 
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TABLE  4-1,  page  2 
Input  for  the  P-8  Model 

PARTICLE  CLASS  INFORMATION: 

particle  class     =     1  PO% 

filtration  efficiency  %  =    90.000 

particle  settling  velocity         ft/hr       =       .000 
first  order  decay  rate  1/day       =       .000 

second  order  decay  rate  1/day-ppm     =     .00000 

impervious  runoff  concentration    ppm        =     1.0000 
pervious  runoff  concentration       ppm        =     1.0000 
pervious  cone  vs.  runoff  inten.  exponent     =       .000 
particle  accumulation  rate     lbs/ac-day   =        .000 
particle  removal  rate  1/day      =        .000 

washoff  co-efficient  =        .000 

washoff  exponent  =        .000 

street  sweeper  efficiency  %/pass     =        .000 

particle  class     =    2  P10% 

filtration  efficiency  %        =     100.000 

particle  settling  velocity         ft/hr      =        .030 
first  order  decay  rate  1/day      =        .000 

second  order  decay  rate  1/day-ppm   =      .00000 

impervious  runoff  concentration    ppm       =       .0000 
pervious  runoff  concentration       ppm       =    100.0000 
pervious  cone  vs.  runoff  intern  exponent   =       1.000 
particle  accumulation  rate     lbs/ac-day   =       1.750 
particle  removal  rate  1/day      =        .250 

washoff  co-efficient  =      20.000 

washoff  exponent  =       2.000 

street  sweeper  efficiency  %/pass     =       4.000 

particle  class     =    3  P30% 

filtration  efficiency  %        =     100.000 

particle  settling  velocity         ft/hr      =        .300 
first  order  decay  rate  1/day      =        .000 

second  order  decay  rate  1/day-ppm   =      .00000 

impervious  runoff  concentration    ppm       =       .0000 
pervious  runoff  concentration      ppm       =   100.0000 
pervious  cone  vs.  runoff  inten.  exponent   =       1.000 
particle  accumulation  rate     lbs/ac-day   =       1.750 
particle  removal  rate  1/day      =        .250 

washoff  co-efficient  =      20.000 

washoff  exponent  =       2.000 

street  sweeper  efficiency  %/pass     =       8.000 
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TABLE  4-1,  page  3 
Input  for  the  P-8  Model 


particle  class     =     4  P50% 


filtration  efficiency  %        =     100.000 

particle  settling  velocity         ft/hr      =       1.500 
first  order  decay  rate  1/day      =        .000 

second  order  decay  rate  1/day-ppm   =      .00000 

impervious  runoff  concentration    ppm       =       .0000 
pervious  runoff  concentration      ppm       =   100.0000 
pervious  cone  vs.  runoff  inten.  exponent   =       1.000 
particle  accumulation  rate     lbs/ac-day   =       1.750 
particle  removal  rate  1/day      =        .250 

washoff  co-efficient  =     20.000 

washoff  exponent  =       2.000 

street  sweeper  efficiency  %/pass     =      12.000 

particle  class     =     5  P80% 

filtration  efficiency  %        =     100.000 

particle  settling  velocity         ft/hr      =      15.000 
first  order  decay  rate  1/day      =        .000 

second  order  decay  rate  1/day-ppm   =      .00000 

impervious  runoff  concentration    ppm       =       .0000 
pervious  runoff  concentration       ppm       =   200.0000 
pervious  cone  vs.  runoff  inten.  exponent   =       1.000 
particle  accumulation  rate      lbs/ac-day   =       3.500 
particle  removal  rate  1/day      =        .250 

washoff  co-efficient  =      20.000 

washoff  exponent  =       2.000 

street  sweeper  efficiency  %/pass     =      16.000 
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TABLE  4-1,  page  4 
Input  for  P-8  Model 

WATER  QUALITY  COMPONENTS 


VARIABLE 
LABEL 

1 

tss 

2 
tp 

3 

tkn 

4 
cu 

5 

Pb 

6 

zn 

7 
he 

PARTICLE 
FRACTION 

PARTICLE  COMPOSITION 
(ppm) 

1 

0 

99000 

600000 

13600 

2000 

64000 

250000 

I            2 

1000000 

3850 

15000 

340 

180 

1600 

22500 

1            3 

1000000 

3850 

15000 

340 

180 

1600 

22500 

4 

1000000 

3850 

15000 

340 

180 

1600 

22500 

5 

1000000 

0 

0 

0 

180 

0 

22500 

SCALE 
FACTOR 

0.5 

0.5 

0.66 

1.0 

1.0 

1.0 

1.0 

LEVEL 

WATER  QUALITY  CRITERIA  (ppm) 

A 

5 

0.025 

2 

2 

0.02 

5 

0.1 

B 

10 

0.05 

1 

0.0048 

0.014 

0.0362 

0.5 

c 

20 

0.1 

0.5 

0.02 

0.15 

0.38 

1 
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TABLE  4-1,  page  5 
Input  for  the  P-8  Model 


WATER  QUALITY  COMPONENTS: 


water  quality  component   =    1   tss 
criteria  (a,b,c)  ppm  =  5.000  10.000  20.000 
particle  frac.  contents  (mg/kg) 

1  .00 

2  500000.00 

3  500000.00 

4  500000.00 

5  500000.00 


water  quality  component   =   6  zn 
criteria  (a,b,c)  ppm  =  5.000  .036  .380 
particle  frac.  contents  (mg/kg) 

1  64000.00 

2  1600.00 

3  1600.00 

4  1600.00 

5  .00 


water  quality  component   =   2  tp 
criteria  (a,b,c)  ppm  =  .025  .050  .100 
particle  frac.  contents  (mg/kg) 

1  49500.00 

2  1925.00 

3  1925.00 

4  1925.00 

5  .00 


water  quality  component   =   7  he 
criteria  (a,b,c)  ppm  =   .100  .500   1.000 
particle  frac.  contents  (mg/kg) 

1  250000.00 

2  22500.00 

3  22500.00 

4  22500.00 

5  22500.00 


water  quality  component   =   3  tkn 
criteria  (a,b,c)  ppm  =  2.000   1.000  .500 
particle  frac.  contents  (mg/kg) 

1  396000.00 

2  9900.00 

3  9900.00 

4  9900.00 

5  .00 


water  quality  component  =  4  cu 
criteria  (a,b,c)  ppm  =  2.000  .005 
particle  frac.  contents  (mg/kg) 

1  13600.00 

2  340.00 

3  340.00 

4  340.00 

5  .00 


.020 


PROGRAM  OPTIONS: 

wet  time  step  hours   =     1.00 

dry  time  step  hours   =    8.00 

wet/dry  lag  hours   =        2 

wet/dry  stability  crit  in/hr   =     .050 
maximum  continuity  error  %      =    2.00 


water  quality  component   =   5  pb 
criteria  (a,b,c)  ppm  =  .020  .014  .150 
particle  frac.  contents  (mg/kg) 

1  2000.00 

2  180.00 

3  180.00 

4  180.00 

5  180.00 
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TABLE  4-1,  page  6 
Input  for  the  P-8  Model 


WATER  QUALITY  CRITERIA 


COMPONENT  (ppm) 

LEVEL  A 

LEVEL B 

LEVEL C 

Total  Suspended 

5 

10 

20 

Total  Phosphorus 

0.025 

0.05  d 

0.10e 

Total  Kjeldahl  N 

2.0 

1.0 

0.5 

Total  Copper 

2.0a 

0.0048b 

0.02c 

Total  Lead 

0.02a 

0.0140b 

0.15c 

Total  Zinc 

5.0a 

0.0362  b 

0.38c 

Total  Hydrocarbons 

0.1 

0.5 

1.0 

a  -  USEPA  primary  drinking  water  standard 

b  -  RI  standard,  acute  toxicity,  fresh  waters,  hardness  -  25  ppm 

c  -  NURP  threshold  for  aquatic  life,  intermittent  exposure,  soft 
waters  (Athayede  et  al,  1983) 

d  -  USEPA  (1976)  guideline  for  eutrophication  in  streams 

e  -  USEPA  (1976)  guideline  for  streams  entering  lakes 


Other  criteria  are  arbitrary  benchmarks  (no  standards  or  design  criteria  were  established) 
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4.4  Description  of  Sampled  Storm  Events 

The  ranges  of  values  for  each  parameter  observed  historically  and  during  the  wet  weather  sampling 
period  from  all  storms  are  listed  in  Table  4-2  The  complete  data  from  all  storms  can  be  found  in 
Appendix  R  A  total  of  twenty-four  storms  were  sampled  and  for  reasons  specified  in  Chapter  3, 
the  model  was  calibrated  using  six  storm  events.  The  following  is  a  description  of  the  sampled  storms. 

The  January  16,  1991  storm  event  began  as  drizzle.  Heavy  rain  did  not  begin  until  seven  hours  later, 
resulting  in  total  rainfall  of  0.57  inches.  Seven  inches  of  snow  had  fallen  during  two  days  the 
preceding  week,  followed  by  three  dry  days,  leading  to  chlorides  ranging  from  190  to  520  mg/1.  At 
the  peak  of  the  storm,  total  solids  measured  1176  mg/1,  total  Kjeldahl-nitrogen  concentration  was  1.30 
mg/1  and  total  phosphorus  was  0.29  mg/1.  These  values  were  twice  the  highest  concentrations 
recorded  during  routine  sampling  (see  Table  4-2),  and  this  storm  carried  the  second  highest  load  of 
nutrients  and  solids  to  the  reservoir.  Table  4-3  lists  the  nutrient  loading  and  concentrations 
associated  with  each  sampled  storm  event. 

The  largest  storm  event  sampled  (0.71  inches)  occurred  on  February  7,  1991,  beginning  around 
midnight  and  continuing  until  8:00  pm.  There  were  five  antecedent  dry  days.  Sampling  began  after 
the  peak  in  order  to  collect  the  tail  of  the  storm  flow.  Conductivity,  chlorides,  suspended  solids,  and 
total  volatile  solids  followed  similar  patterns  of  slowly  rising  concentration  levels  as  rainfall  decreased 
which  may  reflect  basin  characteristics.  Suspended  solids  and  total  phosphorus  concentrations  were 
observed  to  decrease  as  the  storm  progressed,  possibly  due  to  dilution.  Kjeldahl-nitrogen,  turbidity, 
iron  and  magnesium  varied  in  direct  relation  to  the  rainfall.  This  storm  carried  the  largest  solids  load 
to  the  reservoir  (see  Table  4-3X  but  the  highest  concentration  of  total  solids  was  232  mg/1,  far  less 
than  during  the  January  storm.  The  maximum  concentrations  for  suspended  solids  (78  mg/1)  and 
phosphorus  (0.27  mg/1)  were  similar  to  the  earlier  storm,  but  the  mean  values  were  much  lower.  This 
may  be  attributed  to  the  fact  that  the  storm  sample  did  not  represent  the  entire  event. 

The  next  storm,  on  May  30,  occurred  when  there  was  a  low  base  flow  condition  with  full  vegetative 
cover.  During  this  storm  0.68  inches  of  rain  fell  over  a  period  of  four  hours.  Two-hour  composite 
samples  were  collected  during  this  short  duration  storm,  which  enabled  sampling  until  the  brook 
returned  to  its  base  flow.  The  maximum  concentrations  of  total  solids  and  phosphorus  were  similar 
to  the  February  storm,  but  the  maximum  and  mean  total  Kjeldahl-nitrogen  was  much  higher,  1.80  mg/1 
and  0.86  mg/1,  respectively. 

The  NOAA  station  at  Worcester  recorded  only  0.06  inches  of  rain  during  the  June  1 1  storm,  but  the 
peak  concentrations  of  solids  and  nutrients  were  very  high  compared  to  other  storm  events  (see 
Table  4-3).  The  suspended  solids  peaked  at  226  mg/1,  three  times  the  level  in  other  storms,  and  the 
mean  concentration  was  42  mg/1,  twice  the  concentration  from  the  other  storms.  Kjeldahl-nitrogen 
and  phosphorus  maximum  concentrations  were  also  very  high.  The  peak  phosphorus  concentration 
was  0.57  mg/1,  ten  times  the  dry  weather  concentration.  The  peak  flow  from  this  storm  was  21.6  cfs, 
35  percent  higher  than  the  May  30  storm,  although  the  storm  volumes  were  comparable. 

The  following  day,  June  12,  0.48  inches  of  rain  fell  during  the  afternoon.  The  maximum  phosphorus 
concentration  was  reduced  to  0.29  mg/1,  half  the  concentration  of  the  previous  day.  However,  the 
mean  phosphorus  concentrations  were  similar. 

The  June  19  sampling  was  taken  during  the  increasing  period  of  the  storm  flow,  not  throughout  the 
whole  storm  event.  Although  traces  of  rain  were  recorded  throughout  the  day,  there  was  0.55  inches 
of  rain  during  a  three-hour  period.  The  concentrations  of  solids  and  nutrients  were  similar  to  the 
other  storms,  and  at  least  twice  the  highest  dry  weather  values  (see  Table  3-1). 
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TABLE  4-2 

GATES  BROOK  STORMWATER  STUDY 

Water  Quality  Monitoring  Data 
Range  of  Observed  Historical  Values  (1982  -  1989) 

and 
Range  of  Observed  Sampled  Values  (1990  -  1991) 


Parameter  (All  units  in  mg/1  unless  noted) 


1982  -  1989 

1990  -  1991 

6.6  -  7.9 

6.1  -  7.6 

12-64 

14-49 

18  -  105 

2-95 

0.25-95 

02-14 

N/T 

<l-346 

N/T 

99-3112 

JOT 

<1  -  273 

5-56 

N/T 

71  -  550 

53  -  1950 

21  -  207 

18  -  530 

0.14  -  0.5 

0.08  -  3.14 

0.019-0.11 

<0.01  -  0.8 

0.9  -  2.5 

0.25  -  2.0 

0.013  -  0.138 

0.005  -  2.1 

0.012  -  0.119 

N/T 

2.2  -  4.0 

N/T 

20-4600 

N/T 

16-3900 

38  -  30,000 

pH(SU) 

Alkalinity  (as  CaCO^) 
Hardness  (as  CaCO^) 
Turbity  (NTU) 
Suspended  Solids 
Total  Solids 
Total  Volatile  Solids 
Color  (Color  units) 
Conductivity  (/mhos/cm) 
Chloride 

Total  Kjeldahl-Nitrogen 
Ammonia-Nitrogen 
Nitrate-Nitrogen 
Total  Phosphorus 
Ortho  Phosphorus 
Silica 

Total  Coliform  Bacteria  (colonies/1 00ml) 
Fecal  Coliform  Bacteria  (colonies/lOOml) 
N/T  -  Designates  a  parameter  not  analyzed 
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table  4-3 


GATES  BROOK  STORMWATER  STUDY 
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4.5   Model  Calibration 


Using  the  data  which  were  collected  in  the  field  component  of  this  project,  calibration  of  the  model 
was  conducted  in  two  phases.  The  hydraulic  characteristics  (stormwater  quantity)  were  calibrated 
first.  Daily  average  stream  flow  data  were  used  to  calibrate  the  model  predictions  of  Gates  Brook 
stream  volume.  The  study  design  called  for  collection  of  storm  flow  data  from  October  1990  to 
October  1991.  However,  due  to  a  number  of  mechanical  and  technical  problems,  continuous 
hydraulic  data  were  not  available  for  the  entire  study  period.  Good  flow  data  records  were  available 
for  the  ■oaths  of  December  1990.  January.  May  and  June  of  1991.  Flow  measurements  for  periods 
of  up  to  two  weeks  were  available  for  the  remainder  of  the  time.  However,  since  the  model  uses  a 
moving  average  calculation  method,  the  "shorter"  data  records  could  not  be  used. 


Comparison  of  observed  data  to  the  flows  predicted  by  the  model  showed 
Adjustment  to  the  time  of  concentration  for  the  devices  b  suggested  for  improve  the  cafibration  of 
the  model,  but  was  unnecessary  in  this  case  due  to  the  accuracy  obtained  upon  review  of  the  moving 
dairy  averages  within  the  program. 

In  order  to  calibrate  the  model  to  peak  flows,  it  was  necessary  to  consider  some  of  the  ptubkaas 
encountered  collecting  stormwater  hydraulic  data.  As  rihniwd  previously,  the  flow  gage  was  located 
at  an  existing  48"  culvert.  This  iJMfiMfiH  ralnualino  of  typical  flows,  but  distorted  measurements  of 
higher  in  tensity  flows.  When  large  storms  occurred,  the  culvert  restricted  flows  and  rxmding  occurred 
upgradient  of  the  culvert.  There  were  also  instances  when  the  culvert  was  overtopped.  These 
conditions  limited  the  accuracy  of  data  obtained  for  storm  events  in  which  flow  oayfded  75  cfs. 
Exclusion  of  these  storm  events  from  the  data  set  wimimfypH  the  influence  of  the  ponding  and 
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overtopping  on  observed  peak  flows.  By  considering  these  factors,  and  adjusting  the  data  set 
accordingly,  the  observed  peak  flows  corresponded  within  acceptable  ranges  to  the  predicted  peak 
flows. 

When  the  model  is  satisfactorily  calibrated  to  the  flow  data,  water  quality  data  can  be  calibrated.  P8 
can  estimate  storm  water  quality  concentrations  for  total  suspended  solids,  total  phosphorus,  total 
Kjeldahl-nitrogen,  copper,  lead,  zinc,  and  total  hydrocarbons.  Hydrocarbons  were  not  analyzed  during 
the  field  component  of  this  project  Therefore,  the  model  was  calibrated  for  the  remaining  six  water 
quality  parameters. 

The  particle  characteristics  were  initially  assumed  as  median  event-mean  runoff  concentrations  taken 
from  NURP  studies,  and  provided  in  the  model.  The  initial  predictions  were  adjusted  using  the 
"Pollutant  Load  Scale  Factor"  in  the  program.  This  adjustment  factor  allows  the  model  to  more 
accurately  predict  loadings  based  on  site-specific  sampling.  A  reduction  of  the  impervious  fraction 
of  the  drainage  area  is  suggested  to  be  necessary  and  is  suggested  in  the  P8  documentation  (Walker, 
1990),  to  reduce  predicted  runoff  flows  when  calibrating  the  model  to  site-specific  ranges.  As  stated 
above  the  calibration  resulted  in  reasonably  accurate  assessments. 

The  model  uses  an  Event  Mean  Concentration  (EMC)  for  each  parameter  to  characterize  pollutant 
concentrations  in  a  storm  event.  The  water  quality  data  were  reviewed  in  order  to  calculate  observed 
EMC's.  Flow  data  and  water  quality  data  are  necessary  to  calculate  an  EMC.  There  were  eleven 
events  for  which  both  data  sets  were  collected.  Flow  readings  which  were  collected  for  the  October 
15  event  were  unreliable,  therefore  the  EMC's  were  not  calculated  for  this  date.  EMC's  were 
calculated  for  ten  sampled  storm  events,  and  used  to  calibrate  the  model.  The  event  mean 
concentrations  for  suspended  solids,  total  phosphorus,  and  total  Kjeldahl-Nitrogen  for  the  sampled 
storms  are  shown  in  Table  4-3. 

Of  these  observed  storm  events,  the  September  events  were  not  used  because  the  NOAA  rainfall 
data  were  not  available  on  computer  format  at  the  time  the  model  was  run.  Data  from  six  storm 
events  were  determined  to  be  consistent  with  observed  characteristics,  and  appropriate  for  use  in 
water  quality  modelling  for  the  following  reasons:  the  sampling  was  conducted  during  varied  phases 
of  the  storm  event  (i.e.  some  samples  were  taken  during  the  initial  rainfall  phase,  the  peak  of  the 
storm,  while  other  samples  were  collected  during  the  tail  of  the  storm  event),  the  flow  monitoring  was 
not  continuous  nor  were  the  flow  characteristics  of  the  gaging  station  reviewed  adequately  during  the 
formation  of  this  study,  high  intensity  localized  summer  storms  influenced  the  correlation  of  the  data 
at  the  gaging  station  at  Gates  Brook  and  the  NOAA  Station  at  Worcester  Airport  data. 

Agreement  with  the  observed  information  varied  with  the  storm  event.  Some  of  the  individual  storm 
event  predictions  reflect  the  observed  characteristics  quite  well,  while  other  predictions  are  off  by 
several  orders  of  magnitude.  Large  differences  between  observed  and  predicted  values  occurred  for 
storm  events  on  June  30  and  June  19.  The  discrepancies  may  be  explained,  in  part,  by  the  nature 
of  these  storms.  The  storms  were  typical  summer  storms:  short,  high-intensity,  and  localized.  As 
noted  earlier  in  Chapter  3,  the  rain  data  used  for  modelling  were  obtained  from  a  rain  gage  located 
approximately  eight  miles  from  the  water  quality  sampling  and  streamflow  recording  station.  For 
these  summer  storms,  the  distance  between  rain  gage  and  the  sampling  station  may  have  introduced 
a  significant  error  due  to  differences  in  precipitation  in  Worcester  in  West  Boylston. 
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The  accuracy  of  the  flow  data  simulation  was  determined  by  comparison  of  the  moving  daily  averages 
of  the  predicted  versus  the  observed  flows.  A  comparison  of  the  predicted  and  observed/extrapolated 
annual  storm  volumes  was  conducted  to  assess  annualized  loading.  The  annual  loading  calculation 
was  made  using  the  USGS  rainfall  data  for  a  total  of  65  storms  during  the  period  between  January 
15  and  June  20,  1991.  The  rainfall  during  the  period  was  20.25  inches,  which  is  47  percent  of  the 
annual  rainfall.  To  estimate  annual  pollutant  loadings  the  total  loads  computed  for  the  period  were 
multiplied  by  the  reciprocal  of  47  percent  (2.13),  to  result  in  the  approximate  annual  pollutant  loading 
as  shown  below  in  Table  4-4 


TABLE  4  -  4 
GATES  BROOK  STORMWATER  STUDY 


P-8  Model  Estimates  of 
Annual  Pollutant  Loadings 


Year 

Row 
(ac-ft) 

Suspended  Solids 
(lbs) 

Total 

Phosphorus 
(lbs) 

Total  Kjeldahl-N 
(lbs) 

1/91-6/91 

1415 

187680 

609 

2755 

1990 

3054 

390820 

1310 

5982 

1989 

2075 

306325 

1023 

4670 

1988 

2276 

332370 

1090 

4945 

The  event  mean  concentration  and  the  event-specific  total  pollutant  loading  as  predicted  by  the  P8 
model  correlated  reasonably  well  with  the  observed  storms.  The  P8  model  predictions  and  the 
observed  data  for  the  six  representative  storm  events  are  presented  in  Table  4-5  Precision  of  the 
model  is  determined  by  comparing  model  predictions  with  the  observed  values.  The  base  flow  and 
the  event  mean  concentration  are  the  most  critical  values  used  in  the  calibration  of  the  P8  model. 
An  evaluation  of  the  parameters  in  more  general  characteristics  within  the  Gates  Brook  subwatershed 
that  are  indicators  of  water  quality.  The  values  calculated  by  the  P8  Program  for  annual  phosphorus 
loading  and  average  mean  concentration  of  phosphorus  were  compared  to  a  previous  assessment 
conducted  for  MDC  reported  in  "Wachusett  Reservoir  Taste  and  Odor  Study"  (Camp,  Dresser  & 
McKee,  1989),  (CDM).  The  P8  model  predicted  annual  phosphorus  load  and  average  mean 
concentration  to  be  1023  lbs/yr  and  .055  mg/1,  respectively.  The  CDM  study  determined  an  average 
phosphorus  concentration  of  0.056  mg/1,  and  an  annual  phosphorus  load  from  Gates  Brook  of  508 
lbs/yr.  The  larger  difference  in  predictions  for  loading  is  due  to  different  storm  volume  predictions. 
However,  the  predictions  show  reasonable  agreement  considering  that  both  studies  were  performed 
at  a  planning  level. 
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5.0  Stonnwater  Management 


5.1   Stonnwater  Management  Objectives--MDC 

Prior  sampling  and  water  quality  surveys  have  shown  that  stonnwater  is  a  major  pollution  source  in 
the  Wachusett  Reservoir  watershed.  The  principal  pollutants  associated  with  stonnwater  include 
solids,  nutrients  and  bacteria.  In  the  Watershed  Protection  Plan  for  the  Wachusett  Reservoir 
Watershed,  (the  "Plan"),  the  MDC  and  MWRA  have  identified  urban  runoff  (stormwater)  as  a  high 
priority  threat  to  water  quality  in  this  watershed.  The  Plan  has  recommended  that  the  development 
of  protection  measures  for  the  treatment  and/or  control  of  stormwater  should  be  a  high  priority.  In 
order  to  develop  a  set  of  appropriate  treatment,  control  or  management  actions  which  might 
represent  such  protection  measures,  it  is  first  necessary  to  define  a  specific  level  of  stormwater 
control,  or,  in  other  words,  stormwater  treatment/control  objectives,  which  these  treatment  or 
management  actions  must  achieve. 

There  are,  broadly  stated,  two  approaches  which  might  be  taken  to  define  specific  stormwater 
treatment  objectives.  These  include  the  establishment  of  water  quality  based  objectives  and  the  use 
of  technology  based  objectives. 

The  establishment  of  water  quality  based  objectives  is  dependent  on  the  availability  of  adequate  water 
quality  data  for  the  particular  receiving  water  to  allow  an  assessment  to  be  made  as  to  the  specific 
contribution  of  stormwater  to  the  overall  condition  of  that  receiving  water,  and  further,  that  an 
assessment  can  be  made  regarding  the  level  of  treatment  or  control  of  stormwater  required  to  achieve 
a  specific  water  quality  condition  in  the  receiving  water.  For  example,  a  typical  water  quality  based 
stormwater  control  objective  might  be  stated  as  follows: 

"In  order  to  meet  {Class  A,  SWTR}  water  quality  criteria  in  the  Wachusett  Reservoir, 

{pollutant }  must  be  reduced  to  {x} {units};  or  be  reduced  by  {x%}  of  the 

cunent  {monthly,  seasonal,  annual}  stormwater  loadings." 

This  approach  typically  leads  to  the  establishment  of  a  control  level  which  is  independent  of  the 
ability  of  available  treatment  or  control  measures  to  achieve.  The  establishment  of  a  water  quality 
based  control  objective  is  also  independent  of  the  cost  which  might  be  required  to  achieve  that 
objective.  The  use  of  a  water  quality  based  approach  to  setting  stormwater  control  objectives  also 
presumes  that  there  is  sufficient  water  quality  data  or  a  reliable  analytical  framework  (i.e.,  a  "model"), 
or  both,  to  predict  alternative  outcomes  in  terms  of  attainment  of  water  quality  objectives. 

Alternatively,  the  use  of  technology  based  treatment  or  control  objectives  is  more  or  less  independent 
of  receiving  water  quality.  This  approach  presumes  that  various  technologies  or  best  management 
practices  are  sufficiently  well-documented  as  to  their  ability  to  remove  a  certain  level  of  contaminants 
that  their  use  will  result  in  some  level  of  water  quality  improvement.  This  allows  analysis  when  the 
level  of  receiving  water  quality  improvement  is  not  capable  of  being  quantitatively  predicted.  A 
typical  technology  based  stormwater  control  objective  might  be  stated  as  follows: 

"The  application  of  this   {stormwater  treatment/control/BMP}   will  reduce   the 
{monthly,  seasonal,  annual}  stormwater  load  by  {x  %}." 
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It  is  the  stated  goal  of  the  DWM  to  move  toward  the  development  of  water  quality  based  objectives 
for  defining  required  levels  of  stormwater  treatment  and  control.  However,  the  Division  is  limited 
at  the  present  time  by  the  limitations  of  available  receiving  water  quality  data  in  the  Wachusett 
Reservoir  in  response  to  stormwater  loadings.  The  Taste  and  Odor  Control  Study.  (CDM,  1989), 
made  some  generalizations  which  may  be  useful  in  terms  of  relating  a  technology  based  objective  to 
some  level  of  water  quality'  improvement  However,  that  is  insufficient  for  use  as  a  basis  for  defining 
a  water  quality  based  stormwater  control  objective. 

The  data  gathered  for  Gates  Brook  as  part  of  this  study  will  be  useful  for  defining  a  water  quality 
based  objective  specific  to  achieving  a  particular  level  of  improvement  in  Gates  Brook.  However,  the 
Division  has  not  yet  developed  a  receiving  water  quality  model  for  Gates  Brook  which  would  allow 
an  assessment  of  the  level  of  water  quality  improvement  which  might  be  achieved  by  the  use  of 
alternative  treatment/control  devices.  The  P8  model  preliminarily  evaluates  the  effectiveness  of 
alternative  devices  in  reducing  current  stormwater  loads  being  discharged  into  Gates  Brook.  Such 
use  of  the  P8  model  will  allow  prediction  of  overall  pollutant  loading  reductions  which  can  be 
achieved  by  alternative  treatment  and  BMP  measures. 

Based  on  these  considerations,  the  Division  has  decided  to  utilize  the  P8  modelling  program  to 
evaluate  the  level  of  reduction  in  stormwater  pollutant  loadings  that  might  be  achieved  by  the  use 
of  various  stormwater  treatment/control  devices  and  to  rely  on  the  use  of  a  technology  based 
approach  to  stormwater  control  objectives  until  such  time  as  adequate  water  quality  data  and 
modelling  capability  is  available  to  enable  the  Division  to  achieve  its  goal  of  developing  water  quality 
based  control  objectives. 


52   Review  of  Structural  Controls 

The  P8  model  has  been  designed  to  simulate  water  quality  characteristics  associated  with  a  variety 
of  structural  treatment  devices.  The  model  has  the  capacity  to  simulate  detention  ponds  (extended, 
wet.  and  dry),  infiltration  basins,  flow  splitters,  swales,  and  buffers.  Since  this  study  is  focused  on 
Gates  Brook  at  the  reservoir,  and  that  the  storm  flows  are  in  concentrated  flow,  only  the 
incorporation  of  detention  ponds  and  filtration  basins  were  reviewed.  Consideration  of  swales  and 
buffers  are  only  appropriate  where  flow  is  shallow  and  slow-moving.  The  addition  of  upstream 
devices  to  improve  the  water  quality  is  encouraged,  but  is  beyond  the  scope  of  this  study. 

The  P8  model  has  the  capability'  to  size  a  specific  treatment  device  based  upon  inputted  values  of  the 
predicted  flow  and  a  removal  efficiency  for  a  specified  particle  class  or  a  removal  efficiency  for  total 
suspended  solids  (TSS).  TSS  removal  efficiencies  of  70%  and  85%  were  incorporated  in  the  original 
software  because  of  regulatory  requirements  imposed  upon  the  Naragansett  Bay  analysis  that  the 
program  was  designed  to  conduct  The  85%  TSS  removal  efficiency  was  chosen  in  the  initial  study 
due  to  the  reduced  violation  frequencies  of  other  pollutants,  particularly  the  copper  loading  and  to 
be  consistent  with  the  goals  of  the  Narragansett  Bay  Project 

The  storm  data  from  the  Worcester  Airport  for  the  period  from  December  1,  1990  through  June  20, 
1991  were  used  to  evaluate  the  preliminary  sizing  of  the  treatment  devices  to  be  studied  in  the  future. 
This  study  does  not  mean  to  infer  that  the  size  of  these  BMP's  is  adequate  to  control  storm  flow  from 


60 


large  events,  i.e.  the  100-year  return  frequency  storm,  that  typical  detention  basins  are  designed  to 
accommodate.  The  devices  reviewed  were  the  following:  wet  detention  pond  with  five  feet  of  flood 
storage,  a  dry  detention  pond  with  five  feet  of  flood  storage,  and  infiltration  basin  with  five  feet  of 
storage. 

The  inclusion  of  these  treatment  device  sizings  was  conducted  as  an  exercise  for  usage  of  the  P8 
Model  in  the  future.  The  determination  of  a  specific  treatment  method  and  its  efficiency  is  beyond 
the  scope  of  this  project.  The  purpose  of  this  study  is  to  establish  relative  sizes  of  different  types  of 
treatment  devices,  based  on  the  subwatershed  data  currently  available.  Information  that  is  needed 
to  make  a  decision  for  defining  a  more  specific  device  includes:  soil  type  and  permeability  at  the 
device  location,  permitting  constraints,  specific  pollutant  removal  needs,  more  specific  stormwater 
sampling  data,  site-specific  physical  constraints,  and  construction  costs. 


Table  5-1  describes  the  estimated  pollutant  removal  efficiencies  of  specified  BMP's. 
efficiencies  are  based  on  a  modelled  removal  objective  of  85  percent  of  the  TSS. 


These 


TABLE  5  -  1 


GATES  BROOK  STORMWATER  STUDY 


Estimated  Pollutant  Removal  Efficiencies 


TREATMENT  DEVI 

ICE  ALTERNATIVES 

PARAMETER 

DRY  POND 

9.2  Acres 
with  riser 

15.3  Acres 
with  Weir 

WET  POND 
24.3  Acres 

INFILTRATION 
BASIN- 10  AC. 

TSS 

TP 
TKN 

85 
63 
59 

85 
63 
59 

85 
51 
44 

84 
64 
61 

As  a  point  of  comparison,  DEP  is  currently  considering  requiring  stormwater  detention  equal  to  the 
volume  generated  by  multiplying  the  impervious  portion  of  the  drainage  area  by  a  depth  of  two 
inches.  Using  the  data  input  into  the  program,  and  assuming  a  basin  depth  of  5  feet,  the  area  of  a 
detention  basin  for  all  the  stormwater  from  this  watershed  would  have  a  total  surface  area  of 
approximately  17  acres.  No  assessment  of  the  pollutant  removal  efficiency  of  such  a  structure  has 
been  conducted,  nor  has  an  assessment  of  rationale,  efficiency  or  the  cost-benefits  of  such  an 
extensive  design  criteria  been  done. 
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53   STORMWATER  TREATMENT/CONTROL  MANAGEMENT  OPTIONS 

The  MDC  has  a  long  history  of  attention  to  water  pollution  abatement  measures  within  the  water 
supply  system.  Within  the  Wachusett  Reservoir  watershed,  the  approaches  viewed  at  turn  of  the 
century  approaches  focused  on  diversion  of  tributaries  and  direct  treatment  Such  systems  can  still 
be  found  in  operation  at  the  Sterling  Filter  Beds  and  at  the  Marlborough  Filter  beds  at  the  Sudbury 
Reservoir.  Detailed  designs  for  a  diversion  dam  on  Gates  Brook  and  filter  bed  system  near  its  mouth 
were  designed  around  1910  ( see  Figure  5-1).  Evidence  of  similar  systems  can  be  found  throughout 
the  Wachusett  Reservoir  watershed  including  the  Campground  Road  filter  beds  in  Sterling,  the  West 
Boylston  filter  beds  and  the  Gates  Village  interceptor  berm  and  filter  beds  (circa  1906  -  1908). 

Based  on  the  use  of  rapid  sand  filter  systems  in  the  past,  the  Division  has  identified  four  basic  options 
as  approaches  to  evaluating  stormwater  control/treatment  options  on  a  watershed  or  subwatershed 
basis.  These  include  the  following  and  are  depicted  in  Figure  5-2: 

a.  Centralized  Stream  Diversion  with  Treatment  (Figure  5-2a) 

The  centralized  diversion  and  treatment  systems  were  developed  as  a  response  to  pollutant 
loads  which  were  observed  to  impair  reservoir  water  quality  on  a  regular  basis,  without  regard 
to  particular  weather  conditions  such  as  storms.  Such  systems  met  the  primary  sanitary 
protection  objective  for  surface  water  supply  reservoirs  by  placement  of  a  "barrier"  between 
the  sources  of  pollution  and  the  reservoir.  One  such  system  which  was  constructed  and 
operated  for  many  years  is  the  Marlborough  Brook  Filter  Beds  at  the  Sudbury  Reservoir  in 
Marlborough.  The  Gates  Brook  Diversion  and  Filter  Bed  system,  which  was  designed  but 
never  built,  would  have  intercepted  all  of  the  dry  weather  flows  in  the  brook  and  a  significant 
portion  of  the  stormwater  flows  prior  to  their  entering  the  reservoir  for  treatment  by  a 
combination  of  sand  and  gravel  coarse  filters.  Relative  to  the  attainment  of  the  objectives 
of  the  Surface  Water  Treatment  Rule  and  the  most  complete  barrier  for  protection  of  the 
reservoir,  this  approach  represents  perhaps  the  most  effective  and  efficient  method  available. 

b.  Decentralized  Stream  Diversion  with  Treatment  ( Figure  5-2b) 

The  decentralized  systems  were  developed  in  response  to  site-specific  water  pollution 
problems  in  isolated  portions  of  the  contributing  drainage  basins  and  subwatersheds.  The 
Sterling  Filter  Beds  were  designed  in  response  to  the  heavy  organic  and  solids  loads  imposed 
by  the  waste  discharge  from  a  cider  mill  which  operated  until  the  mid  1980's.  (The  plant 
closed  when  it  was  told  it  required  an  NPDES  discharge  permit  by  the  USEPA.) 
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c.  Centralized  Stormwater  Collection  System  with  Treatment  Devices  and/or  Best 
Management  Practices  (Figure  5-2c) 

Centralized  stormwater  collection  systems  are  those  typical  of  heavily  developed  urban  areas 
and  include  such  elements  as  street/curbside  inlets,  catchbasins,  storm  sewers  and  outfalls  at 
the  most  downstream  point  in  the  contributing  drainage  basin.  These  systems  are  generally 
built,  operated  and  maintained  by  a  municipality.  Presently,  there  are  no  centralized 
stormwater  collection  systems  within  the  town  of  West  Boylston. 

Historically,  these  systems  did  not  include  provision  for  treatment  of  stormwater  prior  to 
discharge  to  the  receiving  water.  With  the  increased  focus  on  control  of  pollution  from 
"nonpoint"  sources  since  the  mid  1970's,  including  urban  runoff,  pollution  control  measures 
have  generally  been  oriented  to  "Best  Management  Practices"  (BMP's)  such  as  street 
sweeping  and  catch  basin  cleaning  as  opposed  to  "end  of  pipe"  treatment  measures.  The 
"country  drainage"  approach  to  road  construction  prevalent  in  West  Boylston,  which  typically 
avoids  the  installation  of  gutters  in  favor  of  directing  washoff  off  the  road  surface  directly  into 
adjoining  free-draining  sand  and  gravel  areas,  presents  a  substantial  impediment  to  the  use 
of  this  approach  in  the  Gates  Brook  drainage  area. 

d.  Decentralized  Stormwater  Collection  Systems  with  Treatment  Devices  and/or  Best 
Management  Practices  (Figure  5-2d) 

Decentralized  stormwater  collection  systems  are  typically  constructed  in  conjunction  with 
developing  areas  of  a  community.  Systems  may  be  constructed  by  the  municipality  in  response 
to  localized  flooding  or  road  condition  problems  or  may  be  installed  by  the  developer  of  a 
subdivision  or  industrial/commercial  park  or  development  project.  These  systems  typically 
serve  a  relatively  small,  well-defined  contributing  drainage  area  and  include  similar  elements 
as  are  found  in  larger  stormwater  systems  as  described  above. 

Such  systems  generally  rely  on  the  availability  of  a  nearby  downgradient  stream  or  wetland 
area  for  the  discharge  of  collected  stormwater.  Treatment  is  rare  with  reliance  on  BMP's 
more  typical.  With  relatively  few  exceptions,  such  as  the  storm  drain  systems  for  the  Fair 
Plaza  and  Wachusett  Plaza,  there  are  no  decentralized  stormwater  collection  systems  serving 
West  Boylston.  The  reliance  on  country  drainage  and  the  absence  of  curbing  and  gutters  in 
the  streets  limits  the  potential  applicability  of  this  approach  in  West  Boylston.  In  contrast, 
the  town  of  Holden  currently  has  several  areas  of  town  which  are  served  by  discrete 
stormwater  collection  systems. 
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Figure  5-2 


Stormwater  Management  Options 


Op  t  i  on  a  . 

Cen  tralized  Stream 
Diversion  w/  Treatment 

TI  I  A 

DE 


Op  t  i  on  b . 

Decentralized  Stream 
Diversion  w/  Treatment 


Option  C . 
Centralized  Stormwater 
Collection  System 
w  /  Trea  tmen  t  -» 


Option  d  . 

Decentralized  Stormwate 
Collection  Systems  ml 
Multiple  Treatment  Devices" 


Note:  Illustrations  Depict  a  Typical  Watershed 


The  requirements  and  restrictions  of  current  environmental  protection  regulations  such  as  the 
Massachusetts  Wetlands  Protection  Act  and  MEPA  may  preclude  or  seriously  impair  the  ability  of 
the  MDC  to  utilize  the  stream  diversion  approaches  associated  with  options  a.  and  b.  described  above. 
Based  on  the  information  gathered  within  the  scope  of  this  investigation,  and  the  results  of  the 
modeling  strategy  using  the  P8  model,  it  is  recommended  that  the  Division  proceed  to  develop  a 
comprehensive  stormwater  management  plan  for  the  Gates  Brook  subwatershed  including 
consideration  of  all  of  the  stormwater  management  options  described  above.  An  important  element 
of  the  scope  of  the  recommended  plan  will  need  to  address  the  effects  of  current  regulations  and 
policies  which  govern  stormwater  as  well  as  structural  controls  and  surface  and  groundwater 
discharges  from  treatment  devices.  A  more  detailed  review  of  current  stormwater  and  related 
regulations  is  presented  in  Chapter  6  of  this  report. 
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6.0  Current  Stormwater  Regulation 


6.1  Regulatory  Authority 

The  Massachusetts  Department  of  Environmental  Protection  (MADEP)  has  regulations  which 
address  stormwater  contamination  and  has  the  ability  through  these  regulations  to  require  a  discharge 
permit  to  control  the  amount  of  pollutants  discharged  from  stormwater  systems.  These  regulations 
are  briefly  discussed  below. 

The  regulations  for  the  MADEP  Surface  Water  Discharge  Permit  Program  are  contained  in  314 
CMR  3.00.  Section  3.04(2)(a)(l)  of  that  document  and  defines  stormwater  discharges  as  "...a 
conveyance  or  system  of  conveyances  primarily  used  for  collecting  and  conveying  storm  water 
runofL.and  which  discharges  storm  water  contaminated  by  contact  with  process  wastes,  raw  materials, 
toxic  pollutants,  hazardous  substances,  or  oil  and  grease...(or)  located  in  an  industrial  plant  or  in  plant 
associated  areas...".  Such  stormwater  discharges  must  have  a  current,  valid  permit  to  discharge  into 
waters  of  the  Commonwealth.  The  Director  of  the  Division  of  Water  Pollution  Control  may  designate 
other  discharges  as  "storm  water  discharges"  on  a  case-by-case  basis  if  it  is  determined  that  the 
discharge  is  or  may  be  a  significant  contributor  of  pollution..."  This  regulatory  authority  allows  the 
MADEP  to  require  stormwater  permits  where  appropriate. 

The  Massachusetts  Surface  Water  Quality  Standards  (314  CMR  4.00)  contain  provisions  designed  to 
protect  water  supply  systems,  including  tributaries  to  those  water  bodies.  This  protection  is  aimed  at 
Outstanding  Resource  Waters  (ORW's)  and  provides  a  safeguard  and  regulatory  control  for  water 
supplies.  The  regulations  can  prohibit  discharges  which  are  likely  to  cause  degradation  due  to  runoff 
and  other  pollutant  inputs.  Section  4.04  (3)  of  the  WQS  contains  the  antidegradation  provisions 
which  prohibit  the  discharge  of  new  or  increased  discharge  to  an  Outstanding  Resource  Water,  unless 
the  discharge  is  determined  by  the  Director  "...to  be  for  the  express  purpose  and  intent  of  maintaining 
or  enhancing  the  resource  for  its  designated  use..."  Existing  discharges  to  ORWs  shall  cease  said 
discharge  unless  it  is  shown  that  the  highest  and  best  practical  method  of  treatment  is  provided.  For 
stormwater,  the  installation  of  stormwater  control  systems  (e.g.  detention  basins,  drainage  swales)  and 
the  setback  of  the  discharge  from  the  receiving  water  are  required.  MADEP  is  developing  a  program 
to  review  the  stormwater  systems  and  ensure  that  the  permit  conditions  are  achieved.  Wachusett 
Reservoir  and  all  tributaries  to  the  reservoir,  including  Gates  Brook,  are  designated  as  Class  A,  ORW 
waters. 

The  U.S.  Environmental  Protection  Agency  (USEPA)  is  responsible  for  issuing  NPDES  permits  in 
Massachusetts,  as  this  state  has  not  assumed  program  delegation.  The  NPDES  discharge  permit 
program  is  administered  by  USEPA  Region  I  with  MADEP  certifying  permit  conditions  according 
to  the  requirements  of  Section  401  of  the  Federal  Clean  Water  Act.  MADEP  reviews  the  conditions 
of  the  permit  and  certifies  the  permit  unconditionally  or  with  special  conditions,  if  appropriate.  In 
addition,  MADEP  signs  each  NPDES  permit,  thus  creating  separate  state  and  USEPA  permits  which 
provide  equal  regulatory  and  enforcement  authority  for  both  agencies. 

To  address  the  pollutant  problem  of  storm  water  discharges  and  to  avoid  a  massive  administrative 
burden,  USEPA  has  issued  a  general  stormwater  permit  for  construction  sites  over  five  (5)  acres  and 
storm  water  associated  with  specific  industrial  activities  (classified  by  USEPA  according  to  Standard 
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Industrial  Code).  These  permits  were  promulgated  by  USEPA  under  the  authority  provided  in  the 
Clean  Water  Act  and  were  published  in  the  Federal  Register  on  September  25,  1992.  MADEP 
certified  the  general  permits  with  special  conditions  for  discharges  to  ORWs  and  coastal  Areas  of 
Critical  Environmental  Concern  (CACEC).  The  conditions  disallow  coverage  under  the  general 
permit  for  new  discharges  of  stormwater  to  ORWs  and  require  existing  discharges  to  provide 
discharge  setbacks  which  will  maximize  infiltration  and  overland  flow  and  eliminate  the  direct 
discharge  of  stormwater  to  the  receiving  stream.  The  intent  is  to  apply  Best  Management  Practice 
(BMP)  controls  and  structures  to  reduce  direct  stormwater  inputs  and  to  allow  for  maximum 
infiltration  into  groundwater  systems.  The  general  permit  is  obtained  by  submittal  of  a  Notice  of 
Intent  (NOI)  to  USEPA.  A  copy  of  the  NOI  and  a  fee  transmittal  form  (with  a  fee  of  $50.00)  should 
be  submitted  to  MADEP/OWM  if  the  discharge  is  to  an  ORW  or  CACEC. 


62  Compliance  Approach 

MADEP  has  the  ability  to  take  enforcement  action  against  dischargers  who  are  in  violation  of  the 
above  discussed  regulations  or  who  circumvent  those  regulations.  Enforcement  is  initiated  by  the 
MADEP  regional  office  and  often  involves  the  State  Attorney  General's  Office. 

It  is  the  intention  of  MADEP  (with  input  from  and  cooperation  with  MDC)  to  take  the  proactive 
approach  to  stormwater  control,  that  is  to  inform  all  parties  of  the  permit  requirements  and  to 
institute  a  program  to  review  the  compliance  with  the  stormwater  permit  requirements  and  the 
implementation  of  BMPs  as  required. 

MADEP/OWM  has  applied  for  a  104b3  grant  from  USEPA  which  will  be  used  to  implement  a 
stormwater  outreach  program  (including  the  development  of  an  informational  brochure),  review 
pollution  prevention  plans,  and  conduct  an  evaluation  of  compliance  with  the  stormwater  regulations 
in  the  Nashua  River  Basin  (which  includes  Gates  Brook  and  Wachusett  Reservoir). 

It  is  the  goal  of  MADEP  to  utilize  the  USEPA  general  permit  for  stormwater  control  in  the  Gates 
Brook  watershed  (as  well  as  the  rest  of  the  state)  and  to  require  individual  NPDES  stormwater 
permits  when  conditions  are  such  that  the  general  permit  will  not  sufficiently  control  the  impact  of 
stormwater.  The  stormwater  NPDES  permits  do  not  directly  address  the  MADEP  wetland 
regulations;  however,  those  regulations,  when  properly  applied,  contribute  to  the  overall  control  of 
water  quality  and  resource  protection.  MADEP  views  the  wetland  regulations  as  complementary  to 
the  stormwater  permit  program. 
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7.0       CONCLUSIONS  AND  RECOMMENDATIONS 


This  report  summarizes  the  results  of  an  intensive  study  of  stormwater  in  the  Gates  Brook 
subwatershed.  This  study  has  demonstrated  that  the  stormwater  pollutant  loadings  from  the  Gates 
Brook  subwatershed  are  significantly  greater  than  the  pollutant  loads  associated  with  average,  dry- 
weather  conditions.  The  analysis  of  stormwater  impacts  on  Gates  Brook  and  the  Wachusett 
Reservoir  are  complicated  by  the  presence  of  numerous  faulty  on-site  wastewater  disposal  systems 
throughout  the  contributing  drainage  basin.  Inadequately  renovated  leachate  from  such  faulty  systems 
mixes  with  stormwater  by  both  direct  overland  flow  and  by  subsurface  flow  into  Gates  Brook.  The 
assessment  of  stormwater  impacts  on  both  Gates  Brook  and  the  Wachusett  Reservoir  as  receiving 
waters  is  limited  by  the  lack  of  suitable  receiving  water  quality  models  for  these  water  bodies.  Until 
a  modeling  strategy  becomes  available,  the  development  of  stormwater  management  strategies  will 
be  constrained  to  consideration  of  technology  based  stormwater  management  and  treatment 
objectives.  Regardless  of  such  constraints,  this  study  clearly  demonstrates  the  need  to  proceed  with 
the  development  of  a  comprehensive  stormwater  management  plan  for  the  Gates  Brook  watershed 
and  for  similar  heavily  developed  subwatersheds  within  the  Wachusett  Reservoir  watershed. 

Specific  conclusions  and  observations  regarding  water  quality;  sampling  strategies  and  modeling  are 
presented  in  the  following  section.  The  final  section  of  this  chapter  contains  specific 
recommendations  for  future  stormwater  management  planning  and  the  integration  of  stormwater 
management  considerations  with  other  watershed  protection  actions  in  the  remainder  of  the 
Wachusett  Reservoir  watershed. 


7.1        CONCLUSIONS 


WATER  QUALITY  IMPACTS 

Stormwater  pollutant  loadings  were  substantially  higher  than  documented  dry  weather  loads 
as  reflected  in  the  following  observations: 

1.  Concentrations  of  total  phosphorus  ranged  from  two  to  six  times  higher  than  the  average 
dry  weather  concentrations.  While  ammonia-nitrogen  and  nitrate-nitrogen  levels  were 
comparable  to  dry  weather  levels,  total  Kjeldahl-nitrogen  (TKN)  was  significantly  higher.  On 
one  occasion,  the  TKN  concentration  was  28  times  higher  than  the  average  dry  weather 
concentration  observed  over  the  sampling  period. 

2.  Bacteria  levels  were  significantly  greater  during  storm  events  than  during  routine  sampling. 
Bacteria  levels  were  observed  to  increase  gradually  as  storm  events  progressed,  rather  than 
indicating  a  first  flush  response.  This  may  be  an  indication  of  transmission  from  inadequate 
treatment  of  domestic  sanitary  flows  by  on-site  wastewater  disposal  systems  and  thereby 
increase  transmission  of  bacterial  loads  via  groundwater. 

3.  During  storm  events  when  the  total  event  precipitation  was  less  than  0.75  inches,  the  peak 
stormwater  discharge  ranged  from  two  to  eight  times  higher  than  the  initial  baseflow. 


69 


4.  Concentrations  of  various  water  quality  constituents  were  observed  to  generally  meet 
current  drinking  water  standards  as  indicated  in  the  following: 

a.  The  pH  went  below  the  drinking  water  criteria  on  only  two  occasions.  The 
chloride  standard  was  exceeded  once  during  a  storm  which  followed  road  salt 
application. 

b.  Drinking  water  criteria  for  lead,  chromium,  nickel  and  mercury  were  generally 
well-below  the  standards.  However,  the  criteria  for  each  of  these  constituents  were 
violated  once,  during  separate  events. 

c.  Iron  and  magnesium  concentrations  routinely  met  the  drinking  water  criteria. 

5.  Concentrations  of  various  water  quality  constituents  were  observed  to  exceed  the 
applicable  surface  water  quality  criteria  for  aquatic  life  as  follows: 

a.  Total  alkalinity  was  generally  at  or  slightly  above  the  aquatic  life  criteria. 

b.  Average  storm  related  concentrations  of  aluminum,  copper  and  lead  exceeded  the 
chronic  aquatic  life  water  quality  criteria  by  a  factor  of  four  or  more  toxic  units. 
Mercury  exceeded  the  chronic  aquatic  life  criteria  by  33  toxic  units.  Total  chromium 
and  iron  generally  equalled  or  slightly  exceeded  the  chronic  aquatic  life  criteria. 
Although  storm  average  concentrations  of  cadmium,  chromium  and  zinc  were  below 
the  acute  aquatic  life  toxicity  criteria,  the  maximum  observed  concentrations  of  these 
elements  were  observed  to  exceed  the  acute  criteria. 


P8  MODEL  APPLICATION 

The  following  conclusions  were  reached  based  on  the  application  of  the  P8  model  to  the 
Gates  Brook  watershed  using  the  data  gathered  within  this  study: 

6.  The  P8  model  is  appropriate  for  analyzing  present  and  projected  stormwater  loadings. 
The  model  reliably  predicted  flows  and  pollutant  loadings  from  this  watershed  within 
reasonable  ranges. 

7.  The  P8  model  is  not  suitable  and  can  not  be  used  for  assessment  of  bacterial  loads  and 
impacts. 

8.  Preliminary  assessment  and  "order  of  magnitude"  sizing  of  alternative  treatment  devices 
suggests  that  wet  basins  may  be  the  most  appropriate  stormwater  treatment  method,  but 
further  evaluation  is  required  to  determine  sizing,  outfall  and  discharge  characteristics  and 
permitting  requirements. 

9.  Due  to  the  simplifying  assumptions  related  to  the  hydraulic  characteristics  of  the  various 
treatment  devices  analyzed,  the  P8  model  results  should  be  subjected  to  further  hydraulic 
analysis  using  the  TR20  model.  The  TR20  model  analysis  will  allow  verification  of  structural 
integrity  and  reliable  inflow-outflow  storm  event  sizing  of  treatment  devices. 

70 


12  RECOMMENDATIONS 

Based  on  the  conclusions  stated  above  and  as  may  be  found  within  the  text  of  various  other  sections 
of  this  report,  the  Division  and  DEP/OWM  offer  the  following  recommendations  regarding  further 
stormwater  management  planning  for  the  Gates  Brook  subwatershed;  future  stormwater  management 
planning  in  other  developed  subwatersheds  within  the  Wachusett  Reservoir  watershed;  the  use  of  the 
P8  model  and  the  development  of  suitable  stream  and  reservoir  receiving  water  quality  models;  and 
the  conduct  of  future  stormwater  sampling  programs. 

1.  STORMWATER  MANAGEMENT  PLAN  FOR  GATES  BROOK  SUBWATERSHED 

The  Division,  in  consultation  with  DEP  and  the  town  of  West  Boylston,  should  proceed  with 
the  development  of  a  stormwater  management  plan  for  the  Gates  Brook  subwatershed 
incorporating  the  results  of  the  P8  modeling  conducted  as  part  of  this  study  and  incorporating 
the  detailed  evaluation  of  stormwater  treatment/control  management  options  as  presented  in 
section  5.3  of  this  report.  This  recommended  plan  should  include  a  detailed  evaluation  of 
available  BMP's  as  an  integral  element  of  a  comprehensive  stormwater  control  strategy.  The 
study  should  also  include  consideration  of  local  zoning  and  non-zoning  controls  which  might 
be  related  to  land  use  and  land  use  intensity  within  watersheds  which  exceed  some  overall 
level  of  imperviousness  or  other  measurement,  and  which  correlates  with  development 
intensity  and  stormwater  impacts.  Finally,  this  plan  should  address  institutional,  financial  and 
legal  mechanisms  required  for  plan  implementation  and  long-term  maintenance  and  reliability. 

2.  STORMWATER  MANAGEMENT  PLAN  IN  THE  WACHUSETT  RESERVOIR 
WATERSHED 

The  results  from  this  study  serve  to  reinforce  the  importance  of  stormwater  management  as 
a  high  priority  for  the  protection  of  the  Wachusett  Reservoir  as  has  been  previously  noted 
in  the  Watershed  Protection  Plan  for  the  Wachusett  Reservoir  Watershed.  It  is 
recommended  that  the  Division  proceed  to  initiate  a  comprehensive  stormwater  management 
planning  process  for  the  remainder  of  the  Wachusett  Reservoir  watershed  using  the  P8  model 
and  such  updated  land  use  and  water  quality  information  as  may  be  available  through  the 
MDC/EOEA  GIS  data  system  and  the  water  quality  programs  of  the  DWM.  This  initiative 
should  focus  on  the  identification  of  key  subwatersheds  whose  land  use  and  development 
characteristics  indicate  that  stormwater  is  likely  to  be  a  significant  source  of  pollutant  loading 
within  the  watershed  system.  This  planning  program  should  have  as  one  of  its  critical 
outputs  a  listing  and  prioritization  of  critical  subwatersheds  within  the  Wachusett  Reservoir 
watershed  for  the  development  of  basin-specific  stormwater  management  plans  similar  in 
scope  to  that  proposed  above  for  the  Gates  Brook  subwatershed.  As  suggested  in  the 
Quinapoxet  Sanitary  Survey,  completed  by  the  Division  in  1992,  there  are  several  areas  within 
the  town  of  Holden  within  the  Quinapoxet  River  subwatershed  which  are  likely  candidates 
for  examination  within  the  scope  of  this  proposed  planning  effort. 
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3.  STORMWATER  AND  RECEIVING  WATER  QUALITY  MODELING 

As  discussed  in  section  5.1,  the  Division  has  selected  the  P8  model  as  the  basis  for  evaluating 
stormwater  pollutant  loadings  on  a  subwatershed  basis.  The  Division  also  recognizes  the 
desirability  of  moving  toward  a  water  quality  based  approach  to  establishing  stormwater  and 
other  watershed  management  control  objectives.  This  requires  the  selection  and  use  of 
appropriate  receiving  water  quality  models  for  both  the  tributaries  within  the  watershed 
system  and  the  reservoir  itself.  Models  such  as  STREAM  (developed  for  the  DEP-DWPC); 
RECEIVE;  or  QUALDe  may  be  appropriate  for  river  and  stream  environments.  Multi- 
dimensional models  such  as  CEQUAL2  or  RECEIVE3.0  may  be  suitable  for  reservoir 
modeling.  The  selection,  calibration  and  use  of  any  of  these  models  needs  to  consider  the 
model  data  requirements,  the  extent  of  data  available  to  satisfy  model  input  requirements,  and 
the  ability  of  the  DWM  to  acquire  additional  data  which  may  not  be  currently  available  to 
meet  model  input  requirements.  This  activity  may  be  appropriate  as  a  subject  for  joint 
research  involving  the  Division  and  the  University  of  Massachusetts  Department  of  Civil  and 
Environmental  Engineering. 

4.  FUTURE  STORMWATER  SAMPLING  PROGRAMS 

A  considerable  effort  went  into  the  acquisition  of  field  data  for  this  project.  The  study  team 
has  several  specific  recommendations  which  should  be  adopted  into  a  program  of  standard 
procedures  for  the  collection  of  stormwater  data  by  both  DEP/OWM  and  the  DWM. 
Recommendations  include  the  following: 

1.  Sampling  station  selection  must  provide  for  reliable  flow  measurement  during  all 
reasonably  foreseeable  flow  conditions.  Conditions  such  as  ponding  upstream  of  the 
measurement  device  or  by-pass  of  the  device  should  be  reviewed  and  corrected  prior  to 
initiation  of  data  collection. 

2.  Assigned  sampling  staff  must  be  instructed  in  the  proper  use  of  the  equipment  and  its 
limitations  prior  to  commencement  of  field  operations. 

3.  An  adequate  period  of  time,  on  the  order  of  two  to  ten  weeks,  must  be  built  into  the 
schedule  for  the  installation  and  calibration  of  field  equipment.  The  study  team  needs  to  be 
confident  of  the  accuracy  and  reliability  of  flow  data  and  equipment  operation  before 
sampling. 

4.  Stormwater  sampling  program  design  needs  to  include  detailed  protocols  and  specification 
of  field  procedures  based  on  the  specific  parameters  for  which  data  are  being  collected.  It 
is  specifically  recommended  that  bacteria  samples  be  collected  manually  and  that  bacteria 
samples  be  processed  within  six  to  eight  hours  of  their  collection. 
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5.  Based  on  the  use  of  the  automatic  samplers  which  were  utilized  in  this  study,  the  following 
sampling  procedure  is  recommended  to  enable  capture  of  first  flush  impacts  as  well  as  storm 
event  total  loadings: 

Two  automatic  samplers  are  required.  Sampler  #1  is  to  be  programmed  for  non- 
uniform time  sampling  (discrete  samples  as  defined  in  the  sampling  protocol). 
Sampler  #2  is  to  be  programmed  for  uniform,  multiplex  composite  samples  (four 
samples  per  bottle  every  fifteen  minutes),  initiated  upon  completion  of  Sampler  #1 
sampling  sequence.  Sampler  #1  sampling  sequence  should  be  initiated  at  a 
predetermined  specified  minimum  flow. 

6.  A  tipping  bucket  rain  gauge  should  be  located  within  the  contributing  drainage  basin 
within  which  samples  are  being  collected.  Establishment  of  a  specific  antecedent  dry  period 
should  be  specified  as  part  of  the  sampling  program.  Based  on  the  observations  made  during 
this  study,  a  period  of  two  days  over  which  less  than  .05  inches  of  rainfall  per  day  was 
adequate  to  distinguish  pollutant  loads  associated  with  separate  storm  events. 
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APPENDIX  A 

GATES  BROOK  STORMWATER  STUDY 

LABORATORY  METHODS 
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GATES  BROOK  STORMWATER  STUDY 


Sample  Collection  &  Preservation  Methods1 


Parameter 


Container2 


Processing  &  Storage 


pH 

Transport  on  ice  to  LES 

Total  Alkalinity 

P/G 

Cool  4  °C 

Conductivity 

P/G 

Cool  4  °C 

Total  Hardness 

P/G 

HN03,  pH  £2,  cool  4  °C 

Total  Solids 

P/G 

Cool  4  °C 

Suspended  Solids 

P/G 

Cool4°C 

Chloride 

P/G 

Cool  4  °C 

Total  Kjeldahl-Nitrogen 

P/G 

H^O^pH  £2,  cool  4  °C 

Ammonia-Nitrogen 

P/G 

HjSO^pH  £2,  cool  4  °C 

Nitrate-Nitrogen 

P/G 

H^.pH  £2,  cool  4  °C 

Total  Phosphorus 

P/G 

HjSO^pH  £2,  cool  4  °C 

Bacteria 

P/G 

Cool  4  °C 

Turbidity 

P/G 

Cool4°C 

1  Required  containers,  preservation  techniques,  and  holding  times,  per  Table  II  40  CFR  Part  136: 

P/G  -  Polyethylene  or  glass 

2  The  Isco*  sampler  bottles  and  laboratory  transfer  bottles  were  acid  washed.   Nutrient  bottles  were 
washed  with  a  1 : 1  solution  of  hydrochloric  acid  and  rinsed  three  times  with  distilled/deionized  water. 
Metals  bottles  were  washed  with  a  1 : 1  solution  of  nitric  acid,  followed  by  three  rinses  with 
distilled/deionized  water,  another  wash  with  1 : 1  hydrochloric  acid,  and  three  more  rinses  with 
distilled/deionized  water. 
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APPENDIX  B 

GATES  BROOK  STORMWATER  STUDY 

WATER  QUALITY  ANALYSIS  DATA 
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